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Abstract 


Published  herein  are  the  papers  presented  at  the  second  annual  AFCRL  Scien¬ 
tific  Balloon  Symposium  covering  the  advances  shown  in  balloon  design,  materials, 
instrumentation,  meteorology,  end  scientific  applications  since  the  last  symposium 
held  in  Boston  on  25,  26  and  27  September  1963.  Balloon  technology  presentations 
include  stress  studies,  new  balloon  films,  sensing  elements,  telemetry  systems  and 
a  new  balloon  locating  system.  Applications  and  experience  in  working  with  tethered, 
meteorological  and  sounding  balloons  are  discussed.  In  addition,  information  is 
presented  on  such  existing  programs  as  BAL-AST,  and  Surveyor  and  such  proposed 
projects  as  the  "  AFCRL  Stratospheric  Humidity  Program"  and  "The  Mars  Balloon". 
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Welcome  to  the  Symposium 


Leo  A.  Kilty,  Col.  USAF 
Viet  Commander  (now  Commander) 
Air  Foret  Combridgt  Research  Loborotorits 
Btdford,  Massachusetts 


On  behalf  of  the  AFCRL  Commander,  Brigadier  General  B.  G.  Holzman,  I 
would  like  to  welcome  you  to  this,  the  second  AFCRL  Scientific  Balloon  Symposium. 

I  am  sure  that  many  of  you  attended  the  very  fine  symposium  that  we  held  here  in 
Boston  last  year.  I  am  grateful  for  this  opportunity  to  welcome  you  back  this  year. 

As  many  of  you  know,  the  Air  Force  Cambridge  Research  Laboratories  are 
the  leading  Air  Force  laboratories  in  the  field  of  environmental  research.  A  basic 
requirement  for  conducting  this  research  is  for  vehicles  to  transport  instrument 
packages  -  sensors  -  into  and  well  above  most  of  the  earth's  atmosphere.  The 
wide  scope  of  our  environmental  research  program  demands  the  use  of  a  variety 
of  vehicles,  aircraft,  of  which  we  have  six  assigned  to  the  laboratories,  including 
a  U-2  aircraft;  and  satellites,  two  of  which  within  the  past  year  we  designed  and 
fabricated  completely  at  AFCRL.  In  addition,  we  use  Air  Force  and  NASA  satellites 
on  which  each  year  we  place  some  15  to  20  piggyback  packages.  We  use  rockets 
extensively,  about  30  each  year,  which  we  launch  from  sites  literally  all  over  the 
world.  Last,  and  in  many  ways  more  important  than  vehicles  of  other  types,  is 
our  extensive  scientific  balloon  program. 

In  many  ways,  our  balloon  program  covers  a  much  broader  scope  than  our 
programs  involving  other  vehicles.  In  the  case  of  other  vehicles,  we  simply  use 


those  developed  by  others.  But  with  respect  to  balloons,  we  are  intimately  involved 
in  new  design  and  new  ballooning  techniques,  ac>  well  as  the  use  of  balloons  to  carry 
our  instrument  packages  well  above  all  but  a  fraction  of  the  earth's  atmosphere. 
Moreover,  we  have  the  responsibility  for  providing  our  balloon  launch  capability 
to  other  Air  Force  agencies  using  balloons  in  their  research  programs. 

There  is  no  need  for  me  here  today  to  recount  for  you  the  many  advantages  that 
balloons  afford  us  over  other  types  of  environmental  research  vehicles.  I  would 
like  to  stress  the  fact,  a  fact  implied  in  the  very  sponsorship  of  this  symposium, 
of  the  strong  role  that  balloons  have  in  our  program  here  at  AFCRL.  and  the  fact 
that  our  program  will  involve  the  use  of  balloons  well  into  the  foreseeable  future. 

Judging  from  the  very  fine  program  that  your  Chairman,  Mr.  Thomas  Kelly, 
has  organized,  I  believe  that  you  will  have  an  extremely  interesting  and  worthwhile 
symposium  here.  I  only  regret,  after  looking  over  the  titles  of  many  of  the  fine 
papers,  that  I  will  not  be  able  to  attend  all  of  your  sessions.  I  hope  that  as  a 
result  of  this  symposium,  those  of  you  who  are  not  associated  with  AFCRL  will 
find  that  you  have  obtained  a  broader  knowledge  of  our  research  program,  and  that 
from  this  symposium  you  will  achieve  a  closer  and  more  profitable  work  relation¬ 
ship  with  our  scientists. 

Thank  you. 
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Introductory  Remarks 

Robert  M.  Slavin 
Chiof,  Aorospoca  Instrumentation  Laboratory 
Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


1.  INTRODUCTION 

One  objective  of  the  AFCRL  Scientific  Balloon  Symposium  held  last  year  was 
to  create  an  opportunity  for  scientific  users  of  balloons  to  become  acquainted  with 
existing  and  projected  flight  capabilities.  We  also  wished  to  present  a  balanced 
exchange  of  information  so  that  the  same  scientific  users  of  balloons  would  have  an 
equal  opportunity  to  discuss  their  balloon-borne  experiments  and  thus  provide 
background  information  for  the  persons  or  gi  oups  involved  in  designing,  developing, 
and  attempting  to  launch  and  fly  these  systems.  Our  desire  was  to  cover  a  broad 
spectrum  of  balloon  activities  with  a  group  of  representative  individuals  so  as  to 
stimulate  advances  not  only  in  balloon  technology  but  also  in  the  creative  use  of 
balloons  in  research. 

Until  the  advent  of  the  so-called  space-age,  development  of  balloon  technology 
had  not  been  so  rapid  tl  at  new  and  abundant  technical  improvements  were  made 
each  year.  With  the  ever-increasing  attention  focussed  on  man's  efforts  to  thrust 
larger  payloads  higher  into  the  atmosphere  and  space,  developments  of  many 
aspects  of  ballooning,  while  rapid,  were  unfortunately  relegated  to  a  position  of 
relative  obscurity.  In  the  rush  to  apply  the  rapidly  burgeoning  capabilities  of 
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powered  flight  to  the  solution  of  space  oriented  problems  the  simpler,  less  expen¬ 
sive,  and  proven  techniques  were  sometimes  overlooked.  In  an  effort  to  correct 
this  situation,  as  well  as  to  promote  the  cause  of  ballooning,  we  at  AFCRL  felt 
that  a  Balloon  Symposium  would  provide  the  opportunity  for  the  scientific  com¬ 
munity  to  be  reintroduced  to  the  existing  and  pott  itial  capabilities  of  balloons. 

At  the  same  time,  such  a  symposium  would  provide  an  opening  for  those  concerned 
with  advancing  balloon  technology  to  set  their  goals  toward  those  of  the  user. 

Reactions  of  participants  to  the  Symposium  held  last  year  were  most  favorable, 
an  indication  to  us  that  our  objectives  were  substantially  met.  We  feel  now  that 
the  objectives  of  that  year  are  still  valid  and  hope  that  this  Symposium  will  prove 
to  be  even  more  successful  in  providing  a  mechanism  for  a  free  exchange  of  in¬ 
formation  and  ideas  related  to  balloons  and  their  use. 

Before  beginning  the  activities  of  the  first  day,  I  would  like  to  take  a  moment 
to  summarize  the  interests  of  the  AFCRL  Balloon  Groups  for  those  of  you  not  yet 
acquainted  with  us.  As  a  part  of  the  Aerospace  Instrumentation  Laboratory  of 
AFCRL,  the  Balloon  Group  has  been  in  existence  for  approximately  fourteen  years. 
The  overall  responsibility  of  this  group  has  been  the  design  and  development  of 
balloons,  companion  instrumentation,  and  launch  procedures  to  meet  the  opera¬ 
tional  requirements  of  several  elements  of  the  Department  of  Defense.  We  there¬ 
fore  support  scientific  activity  within  the  Air  Force  as  well  as  other  scientific 
work  which  may  be  of  interest  to  the  Air  Force.  The  Holloman  launch  site  and  the 
adjacent  White  Sands  Missile  Range  complex  when  combined  with  our  Chico, 
California,  launch  site  can  be  utilized  to  launch  balloon  payloads  year  round  with 
tracking,  control,  and  recovery  capability.  Therefore  we,  with  a  more  than 
nominal  interest  in  balloon  activities,  are  pleased  to  sponsor  this  Symposium  and 
anticipate  that  the  results  will  ultimately  benefit  all  of  us. 

The  Symposium  calendar  has  been  organized  with  the  intent  of  grouping 
presentations  which  are  related.  The  speakers  have  been  selected  on  the  basis  of 
their  contributions  to  balloon  technology  or  their  contribution  to  the  advancement 
of  science  through  research  using  balloons.  In  addition  to  the  formal  presentations 
I  would  expect  that  the  opportunity  for  many  of  you  to  exchange  ideas  informally 
will  be  of  great  value. 

As  a  final  comment,  I  hope  that  this  Symposium  will  meet  the  needs  outlined 
and  that  a  proper  balance  between  presentations  relating  to  balloon  borne  experi¬ 
ments  and  those  pertaining  to  balloon  technology  will  be  maintained.  We  feel  that 
the  facilities  here  are  quite  suited  to  the  proceedings  of  this  Symposium  and  hope 
that  each  of  you  will  find  the  time  spent  here  stimulating  and  worthwhile. 
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PROCEEDINGS  OF  1964  AFCRL  SCIENTIFIC 

BALLOON  SYMPOSIUM 


I.  Tethered  Aerological  Balloon  System 


Shtlden  D.  Elliott,  Jr. 
U.  S.  Novol  Ordnonc*  Tost  Station 
China  Lakt,  California 


Abstract 


The  Tethered  Aerological  Balloon  System  (TABS)  currently  under  develop¬ 
ment  at  NOTS  is  designed  to  maintain  a  captive  balloon  and  payload  at  strato¬ 
spheric  altitudes  for  an  indefinite  period  of  time,  taking  advantage  of  the 
region  of  minimum  wind  velocity  nearly  always  present  at  some  level  in  the 
lower  stratosphere.  The  system  consists  of;  (1)  a  conventional  polyethylene 
balloon  fitted  w.ith  a  self-deploying  reefing  system  to  reduce  lateral  drag, 

(2)  an  airborne  telemetry/command  package  capable  of  monitoring  up  to  six 
aerological  or  other  parameters  concurrently;  additional  packages  may  be 
distributed  along  the  tether  as  needed;  (3)  a  NOTS-developed  glass  liber  tether 
having  a  tensile  strength  comparable  to  that  of  steel,  at  one-fourth  the  weight 
of  steel,  fabricated  in  splice-free  lengths  exceeding  100,000  feet,  and  (4)  a 
mobile  ground  vehicle  from  which  all  functions  subsequent  to  launch  ran  be 
performed,  carrying  a  crew,  control  winch,  and  equipment  to  communicate 
with  a  ground  telemetry  and  command  station;  the  vehicle  can  run  with  the 
wind  to  reduce  lateral  drag  loads  on  ascent  tn  descent.  The  system  is  ex¬ 
pected  to  become  operational  this  fall  (1964).  Various  uses  and  possible 
further  developments  of  such  a  stratospheric  moored  platform  will  be  dis¬ 
cussed,  including  applications  to  manned  systems. 


(deceived  for  publication  23  March  1965) 


I  INTROIMCTION 


In  June  of  1962,  our  attention  was  drawn  toaproposal  by  Mr.  Charles  A.  Smith, 
of  Aerological  Laboratories,  Encino,  California,  in  which  the  possibility  of 
mooring  a  balloon  at  stratospheric  altitudes  for  extended  periods  of  time  was 
discussed.  The  system  was  originally  intended  to  support  a  vertical  chain  of 
sensors  to  monitor  meteorological  parameters  continuously,  at  a  single  loca¬ 
tion,  over  a  range  of  altitudes  - -hence  the  acronym  TABS:  Tethered  Aerological 
Balloon  System.  The  utility  of  such  a  system,  if  feasible,  in  providing  a 
relatively  fixed  high-altitude  long-duration  platform  for  a  wide  range  of  geo¬ 
physical  observations  was  immediately  t/ident,  and  Mr.  Smith  was  invited  to 
NOTS  for  further  discussion  of  his  proposal. 

The  feasibility  of  such  a  system  rests  upon  the  observation  that  profiles 
of  wind  velocity  as  a  function  of  altitude,  such  as  those  illustrated  in  Figure 
1,  almost  invariably  show  a  maximum  in  the  troposphere,  followed  by  a  mini¬ 
mum  in  the  lower  stratosphere.  In  the  region  of  the  maximum,  generally 
between  30,000  and  50,000  feet,  the  wind  velocity  exceeds  50  knots  nearly  half 
the  time  and  not  infrequently  reaches  100  knots.  At  the  minimum,  however, 
which  usually  lies  between  55,000  and  75,000  feet,  the  wind  velocity  exceeds 
20  knots  in  less  than  five  percent  of  the  profiles  studied,  and  is  generally 
below  10  knots.  The  wind  direction  is,  as  a  rule,  reasonably  constant  through 
the  troposphere,  but  often  changes  sharply  just  below  the  minimum.  The  al¬ 
titude  of  the  minimum  shows  considerable  day-to-day  variation,  and  this, 
coupled  with  its  often  rather  limited  vertical  extent,  renders  its  existence 
much  less  evident  when  profiles  are  averaged  over  periods  of  several  days, 
or  over  successive  years  at  the  same  date. 

Attempts  to  moor  conventional  balloons  in  the  troposphere  under  any  but 
the  lightest  wind  conditions  are  frustrated  by  the  excessive  drag  loads  imposed, 
and  flights  of  any  significant  duration  are  impractical.  The  use  of  high  lift  - 
to-drag,  aerodynamically  shaped  lifting  vehicles  alleviates  the  situation  some- 
v.  iat,  but  such  systems  have  nevertheless  proven  unsuitable  for  flights  to 
altitudes  much  in  excess  of  20,000  feet.  If,  however,  one  can  place  the  balloon 
in  the  region  of  minimum  winds  the  drag  on  the  balloon  will  be  much  lower; 
only  the  relatively  small  cross -section  tether  will  be  exposed  to  the  high 
velocity  tropospheric  winds,  and  a  minimum  total  system  drag  can  be  main¬ 
tained  by  slight  adjustments  in  balloon  altitude.  It  should,  therefore,  be 
possible  to  maintain  the  system  aloft  for  a  considerable  period  of  time, 
provided  thai  the  wind  velocity  at  the  balloon  remains  relatively  low,  and  does 
not  become  unreasonably  great  at  lower  altitudes. 
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Such  a  system  of  course  requires  balloons  of  suitable  design  and  construction 
to  support  the  vertical  and  horizontal  loads  involved,  made  of  materials  providing 
sufficient  gas  retention  and  resistance  to  deterioration  under  stratospheric  condi¬ 
tions  to  remain  aloft  for  days  or  weeks  at  a  time.  The  former  requirements 
appeared  to  be  satisfactorily  met  by  existing  natural-shape  taped  polyethylene 
balloons,  and  while  information  on  the  latter  problems  was  as  yet  relatively 
sparse,  it  appeared  probable  that  current  and  projected  developments  in  balloon 
technology  would  provide  vehicles  suitable  for  flights  of  at  least  moderate  dura¬ 
tion. 

It  is  also  necessary  to  consider  the  properties  of  the  tether  employed.  The 
"classical"  material,  music  wire,  has  great  tensile  strength--up  to  280,000  pounds 
per  square  inch  in  diameters  near  1/10  inch- -and  more  modern  steels  are  avail¬ 
able  which  are  up  to  fifteen  percent  stronger.  Steel,  with  a  specific  gravity  of  7.8, 
is,  however,  also  very  heavy,  and  it  it  found  that  even  the  best  alloys  will  support 
their  own  weight  in  lengths  only  up  to  approximately  110,000  feet.  The  total 
tether  length  required  for  a  balloom  moored  at  75,000  feet  can  easily  approach 
this  value,  leaving  no  margin  of  strength  to  meet  the  additional  loads  imposed  by 
aerodynamic  drag  and  the  excess  balloon  lift  required  to  hold  the  system  erect. 
One  possible  solution,  that  of  tapering  the  tether  downward  from  the  balloon,  also 
fails  because  with  high  tropospheric  winds  the  tension  in  the  tether  at  the  ground 
may  become  comparable  to  that  at  the  balloon. 

Since  it  thus  appears  that  the  strength-to- weight  ratio  of  the  tether  material 
is  a  critical  parameter,  it  becomes  evident  that  the  solution  is  to  be  sought  in 
the  direction  of  the  light-weight,  high -tensile- strength  materials  have  have  re¬ 
sulted  from  recent  technological  advances.  It  was  found  from  preliminary 
analyses  that  if  a  material  having  a  tensile  strength  of  150,000-200,000  psi 
and  a  specific  gravity  of  1.5  to  2.0  could  be  procured,  the  stratosphere-moored 
system  would  become  feasible.  It  appeared  that  several  candidate  materials 
were  or  would  soon  become  available  which  might  fall  within  this  range. 

In  order  to  assess  the  feasibility  of  a  stratospheric  moored  balloon  system  in 
general,  and  to  ascertain  the  balloon  and  tether  parameters  required  to  meet 
specific  wind  conditions,  an  approximate  method  of  analysis  was  worked  out  (see 
Section  4  of  this  paper)  which  involves  the  balancing  of  the  vector  forces  acting 
at  successive  points  from  the  balloon  down  along  the  tether  to  the  ground,  the  en¬ 
tire  system  being  presumed  in  equilibrium.  The  analytical  process  yields,  for  a 
particular  wind  profile,  a  balloon  of  specified  lift  and  weight,  an  assumed  payload, 
a  tether  of  given  diameter,  density,  and  tensile  strength,  and  a  set  of  figures 
for  tether  tension  and  angle  to  the  vertical  at  successive  uniform  intervals  of 
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altitude.  Failure  of  the  system  is  indicated  by  an  increase  in  tension  beyond  the 
specified  breaking  strength  of  the  tether  or  an  increase  in  the  tether  angle  beyond 
the  horizontal  (in  which  case,  of  course,  the  tether  cannot  reach  the  ground).  It  is 
then  necessary  to  increase  either  the  balloon  lift  (and  drag)  or  the  tether  strength 
(and  hence  tether  drag  and  weight)  and  repeat  the  calculation,  until  either  an 
equilibrium  configuration  is  found  or  the  ultimate  capacities  of  the  balloon  or  tether 
material  are  exceeded.  In  the  former  case,  the  given  wind  profile  can  be  tolerated, 
in  the  latter  it  cannot,  and  such  winds  must  either  be  avoided,  or  countered  by 
improvements  in  balloon  design  or  tether  material. 

The  ground  station  from  which  the  system  is  to  be  flown  must  incorporate  a 
winch  capable  of  deploying  the  system,  adjusting  its  flight  altitude  as  necessary  in 
order  to  maintain  the  system  aloft,  and  retrieving  the  payload  (with  tether  and 
balloon,  if  possible)  at  the  end  of  the  flight.  The  ground  station  must  be  provided 
with  data  concerning  the  wind  v  locity  as  a  function  of  altitude.  These  might  be 
obtained  from  periodic  free-bal  oon  soundings  during  the  flight,  a  much  more 
satisfactory  solution,  however  vould  be  to  equip  the  airborne  system  with  instru¬ 
ments  capable  of  measuring  the  wind  velocity  at  the  balloon  and  at  various  points 
along  the  tether,  and  continuously  telemetering  this  information  to  the  ground  sta¬ 
tion. 

There  is  a  further  requirement  for  the  grounr  station,  if  the  system  is  to  be 
truly  operational.  Provided  that  the  balloon  can  be  maintained  aloft  under  a  given 
wind  profile,  the  question  now  arises:  is  it  possible  to  launch  the  system  in  the 
first  place  under  such  conditions?  Analysis,  and  subsequent  experience,  suggest 
that  the  system  envisioned  cannot  be  maintained  erect  if  the  relative  wind  at  the 
balloon  exceeds  approximately  20  knots,  at  any  altitude.  If  we  wish  to  have  the 
balloon  rise  slowly,  under  the  control  of  the  winch  operator,  we  obviously  cannot 
launch  the  system  except  when  the  wind  is  below  20  knots  at  all  altitudes;  such 
days  are  relatively  rare,  occurring  less  than  ten  percent  of  the  time.  If  we  wish 
to  fly  the  system  under  less  ideal  conditions,  we  must  resort  to  other  methods. 

One  possibility  is  to  allow  the  balloon  to  rise  and  move  with  the  wind  as  if  it 
were  free,  paying  out  the  tether  as  fast  as  it  is  needed.  This  has  two  serious  draw¬ 
backs:  first,  the  tether  reel-out  rate  may  become  excessive  for  any  reasonable 
winch  system,  and,  second,  the  balloon  may  be  carried  so  far  downwind  by  the  time 
it  comes  to  altitude  that  the  weight  of  tether  to  be  supported  may  exceed  the  bal¬ 
loon's  lifting  capacity. 

A  more  attractive  solution  would  be  to  mount  the  winch  on  a  mobile  land  vehicle 
(or  a  ship  at  sea).  If  the  vehicle  can  then  move  more  or  less  parallel  to  the  existing 
winds  at  speeds  up  to,  say,  40  knots,  it  should  be  possible  to  launch  the  balloon  and 
allow  it  to  rise  under  control  to  altitude  through  winds  up  to  60  knots,  provided 
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sufficient  maneuvering  space  is  available.  Even  higher  winds  at  specific  altitudes 
might  be  tolerated  by  allowing  the  balloon  to  rise  "free"  through  the  regions  in 
which  they  occur. 

The  system  thus  proposed  appeared  to  offer  sufficient  promise  to  warrant 
farther  study  by  our  group  at  NOTS.  A  large  stock  of  miscellaneous  balloons, 
acquired  in  connection  with  other  projects,  was  on  hand;  other  necessary  materials 
and  equipment  were  readily  available;  several  areas  on  base  offered  airspace  closed 
to  civil  traffic,  lying  above  relatively  flat  and  accessible  desert  terrain;  and  several 
of  our  personnel  were  experienced  in  the  handling  and  launching  of  balloons.  A  series 
of  tests  was  therefore  undertaken,  using  small  (18-and  23-foot)  balloons,  nylon  line, 
and  a  surplus  aerial  tow-target  winch  mounted  aboard  a  pickup  truck. 

No  records  were  established  during  these  tests,  although  successful  flights  to 
relatively  low  altitudes  50GU  feet)  were  made,  but  a  great  deal  was  learned  about 
the  handling  and  rigging  of  balloons  for  this  type  of  operation.  The  mobile-winch 
technique  was  tested  and  found  feasible,  and  the  design  parameters  for  the  ground 
vehicle  and  its  equipment  were  established.  A  considerable  amount  was  learned 
about  the  properties  required  for  the  tether,  and  possible  methods  for  its  deploy¬ 
ment;  and  finally  a  great  deal  of  data  was  received  against  which  the  analytical 
technique  outlined  above  could  be  checked,  and  from  which  aerodynamic  parameters 
such  as  drag  coefficients,  pertinent  to  the  analysis,  could  be  derived  empirically. 

On  the  basis  of  these  results,  it  was  decided  to  proceed  with  a  program  directed 
toward  the  development  of  an  operational  system  capable  of  supporting  a  payload  of 
a  few  tens  of  pounds  in  the  lower  stratosphere  for  as  much  as  a  week  at  a  time. 

Funds  were  solicited  and  procured  from  the  Atomic  Energy  Commission  and  sub¬ 
sequently  from  the  Department  of  Defense,  a  contract  was  drawn  up  with  Aero- 
logical  Laboratories,  and  a  full-scale  developmental  program  was  undertaken. 

During  the  past  two  years  this  program  has  led  to  a  system  which  is  on  the  verge 
of  becoming  operational.  The  components  of  the  system  and  some  of  the  develop¬ 
ments  leading  to  their  present  configuration  will  be  described  in  the  next  section. 


2.  SVSTKM  CONUbl  N  ATION 

Dui  ing  the  early  stages  of  project  TABS,  a  number  of  possible  operational 
sites  were  considered.  The  requirement  of  extensive  restricted  airspace  and 
terrain  permitting  considerable  mobility  limited  serious  consideration  to  a  few 
large  military  reservations  in  the  West,  and  none  of  these  offered  sufficient  ad 
vantages  over  NOTS  to  warrant  the  more  complex  logistics  tn\olved.  'The  use  of 
a  Navy  vessel  at  sea  was  explored  and  found  both  feasible  and  attractive;  again, 
however,  the  amount  of  planning  and  scheduling  involved  suggest  that  such  opera¬ 
tions  should  be  postponed  until  a  working  system  has  been  developed  and  tested. 
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Of  the  areas  available  at  NOTS,  the  most  suitable  was  found  to  be  the  Randsburg 
Wash  Test  Range,  an  annex  to  the  southeast  of  the  main  body  of  the  Station,  adjoining 
and  sharing  airspace  with  Edwards  Air  Force  Base  and  the  Army's  Camp  Irwin 
reservation.  Ground  usage  of  this  range  is  limited  and  the  airspace  is  generally 
available  on  weekends,  and  by  arrangement  at  other  times. 

An  existing  road,  extending  for  fourteen  miles  in  the  general  direction 
(260°-^80°)  of  the  summer  tropospheric  winds,  and  free  of  sharp  bends  or  overhead 
wires,  was  graded  and  realigned  to  permit  smooth  travel  of  the  winch  vehicle  at 
speeds  up  to  forty-five  miles  per  hour  (see  Figure  2).  While  other  more  convenient 
areas  of  the  Station  have  been  employed  for  small-scale  tests,  Randsburg  Wash  has 
been  and  will  continue  to  be  the  site  of  our  major  operations. 


Figure  2.  Balloon  Flight  Area  at  Randsburg  Wash  Test  Range,  U.  S.  NOTS. 
The  mobile  launch  road  extends  generally  eastward  (azimuth~80o )  for  four¬ 
teen  miles  from  the  balloon  inflation  site  1  to  its  terminus  at  2 
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One  of  the  problems  familiar  to  every  balloonist- -that  of  preventing  a  partially- 
inflated  balloon  from  converting  itself  into  a  spinnaker  under  the  influence  of  a  gust 
of  wind- -is  doubly  serious  in  the  case  of  the  tethered  balloon.  This  is  so  because, 
while  a  free  balloon  once  launched,  moves  with  the  wind  and  thus  no  longer  requires 
restraint,  the  tethered  balloon  may  be  subjected  to  appreciable  lateral  winds  all  the 
way  to  altitude.  A  surprisingly  simple  solution  to  this  problem  has  been  found, 
however:  a  close-fitting  sleeve  of  polyethylene  is  slid  over  the  lower  three-quarters 
of  the  length  of  the  uninflated  balloon.  Upon  inflation,  the  balloon  then  assumes  an 
ideal  "ball-on-a-stick"  configuration  with  a  taut  bubble  which  resists  deformation 
under  a  lateral  wind  loading  and  exhibits  drag  characteristics  not  greatly  inferior 
to  those  of  a  smooth  sphere.  As  the  balloon  rises  to  altitude  and  the  bubble  expands, 
the  sleeve  is  forced  down  accordion- wise,  offering  sufficient  resistance  to  maintain 
the  desired  configuration. 

This  system  has  been  tested  with  static  inflations  of  the  18-foot,  23-foot  and 
75-foot  balloons  employed  in  our  program,  with  entirely  satisfactory  results. 

Figure  3  shows  the  static  inflation  of  a  75-foot  balloon  in  an  airship  hangar  at 
Santa  Ana,  California.  The  18-foot  and  23-foot  sizes  have  also  been  flown, tethered, 
to  altitudes  as  high  as  15,000  feet  with  success  using  this  method;  (Figure  7  illu¬ 
strates  a  23-foot  balloon  so  rigged  for  a  low -altitude  test  flight,  with  the  balloon 
more  than  half  expanded  at  ground  level).  In  installing  the  sleeve  clutch  it  is 
essential  to  refold  the  balloon  in  such  a  way  that  the  portion  within  the  sleeve  has 
the  form  of  a  fluted  column  with  the  load  tapes  on  the  outside  and  the  gore  panels 
tucked  inward,  to  avoid  pinching  the  envelope  material  as  it  emerges  from  the 
sleeve. 

A  further  advantage  of  this  technique  is  that  it  provides  an  appreciable  en¬ 
hancement  of  the  vertical  ascent  rate.  With  the  large  free  lifts  (often  exceeding 
60  percent  of  the  balloon  gross  lift  at  ground  level)  which  must  be  provided  in 
order  to  support  the  tether  weight  as  well  as  wind-drag  forces  when  the  balloon 
comes  to  altitude,  the  rising  balloon,  if  unrestrained,  assumes  a  variety  of  ex¬ 
tremely  unstable  configurations  which  greatly  increase  its  drag  and  reduce  its 
ascent  rate.  The  sleeve-clutched  balloon,  on  the  other  hand,  takes  on  a  stable, 
somewhat  flattened  "mushroom"  shape  and  ascends  considerably  more  rapidly, 
with  a  minimum  of  billowing  and  pendulation.  This  has  been  verified  by  radar  and 
phototheodolite  observations  of  pairs,  clutched  and  unclutched,  of  18-foot  balloons 
inflated  to  large  free  lifts  and  allowed  to  ascend  together  from  adjacent  release 
points.  The  clutched  balloons  ascended  at  a  rate  up  to  15  percent  greater  than  the 
unclutched  ones,  and  exhibited  vertical  drag  coefficients  of  1.2- 1.6. 
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Figure  3.  Static  Inflation  of  75-Foot  Taped  Polyethylene  Balloon  to  Test 
Deployment  of  Sleeve  Clutch 


As  noted  in  Section  1  of  this  paper,  it  is  desirable  to  provide  airborne  wind- 
speed  sensors  and  telemetry  to  relay  wind-velocity  data  to  the  ground.  An  altitude 
sensor  is  also  of  considerable  utility,  especially  during  the  ascent  phase.  If  in¬ 
strumented  payloads  are  ultimately  to  be  carried,  telemetry  channels  are  also 
desirable  for  relaying  their  data  to  the  ground.  A  ground-to-air  command  system 
should  also  be  provided,  both  to  permit  voluntary  separation  of  the  payload  and 
tether  from  the  balloon  if  necessary  at  the  termination  of  the  flight,  and  to  allow 
switching  of  modes  of  operation  of  the  airborne  instruments  to  conform  to  ob¬ 
servational  requirements. 
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The  package  represented  by  the  block  diagram  of  Figure  4  has  been  developed 
to  fit  these  requirements.  Powered  by  silver-zinc  alkaline  batteries,  it  provides 
up  to  six  channels  of  FM  telemetry  on  a  single  VHF  carrier  (only  two  channels  are 
currently  utilized,  for  pressure  altitude  and  wind- speed  data)  as  well  as  a  UHF 
command  receiver  for  mode  selection  and  balloon  cut-down.  This  apparatus  is 
housed  in  a  glass-resin-covered  foam  plastic  case  eight  and  one-half  inches  square 
and  56  inches  high,  and  is  carried  in  the  balloon  train,  the  load  being  transmitted 
through  a  pair  of  steel  stays  straddling  the  package.  No  particular  effort  was  made 
to  avoid  weight;  the  entire  package,  with  two  turnstile  antennas,  weighs  somewhat 
less  than  fifty  pounds.  Two  identical  packages  have  been  constructed  and  tested 
and  are  shown  in  Figure  5. 

The  ground  station,  incorporating  a  pair  of  helical  antennas,  a  command  trans¬ 
mitter,  telemetry  receiver,  discriminators  for  the  data  channels,  paper  chart  and 
magnetic  tape  recorders,  and  meters  for  pressure  and  velocity  read-out,  was 
originally  housed  aboard  the  winch  vehicle.  It  has  since  been  found  more  practical 
to  remove  the  ground  apparatus  to  a  separate  location,  and  it  is  presently  housed 
either  in  a  fixed  instrumentation  site,  for  operations  at  Randsburg  Wash,  or  in  an 
air-conditioned  mobile  van,  for  use  elsewhere.  Communication  with  the  winch 
vehicle  is  maintained  by  a  radio  link. 

A  wide  variety  of  possible  tether  materials  was  investigated  and  tested.  Of 
these  materials,  the  most  promising  was  a  collimated  bundle  of  glass  fibers  em¬ 
bedded  in  epoxy  resin,  but  commercially  available  specimens  suffered  from 
limited  flexibility  and  brittleness  and  could  not  be  procured  in  sufficiently  great 
lengths.  Personnel  of  the  Materials  Engineering  Branch  at  NOTS  felt  that  these 
limitations  could  be  overcome,  and  offered  to  undertake  the  development  of  a  suit¬ 
able  tether. 

A  pilot  production  line  was  set  up  and  experiments  were  carried  out  using 
various  combinations  of  glass  tether  and  resin,  with  highly  satisfactory  results. 
Specimens  were  made  in  diameters  ranging  from  0.060  inch  to  0.095  inch,  with 
breaking  strengths  of  800  to  1800  pounds.  Tensile  strengths  in  excess  of  225,000 
psi  could  be  achieved  consistently  with  occasional  specimens  running  over  300,000 
psi.  With  a  resin  content  of  approximately  20  percent  by  weight,  the  samples  dis¬ 
played  a  specific  gravity  of  1.6  to  1.7,  yielding  strength-to-weight  ratios  and 
breaking  strengths  exceeding  those  of  music  wire  by  a  factor  of  four.  All  of  these 
results  could  be  achieved  while  retaining  a  high  degree  of  flexibility  comparable  to 
that  possessed  by  steel  wire  in  similar  sizes.  This  portion  of  the  tether  development 
culminated  with  the  production  of  a  continuous  splice-free  length  of  material 
0.065  inch  in  diameter  and  8500  feet  long  with  a  minimum  break  strength  of  approxi¬ 
mately  750  pounds.  This  specimen  was  used  successfully  throughout  a  series  of 
trial  flights  and  performed  in  highly  satisfactory  fashion. 
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Figure  5  TABS  Airborne  Telemetry/ Command  Packages,  Closed  and  with  Cover  Re¬ 
moved.  The  cylindrical- vane  anemometer  plugs  into  the  large  fitting  at  the  top,  next  to 
ti  e  cut-down  squib  connector.  The  aneroid  barometer  assembly  is  mounted  on  the  fifth 
shelf  from  the  top  inside  the  package.  The  lower  six  trays  carry  the  silver -zinc  and 
nickel-cadmium  batteries.  The  antenna  leads  extend  through  the  bottom  of  the  package. 
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In  view  of  these  results,  it  was  decided  to  set  up  a  full-scale  pr  oduction  line 
capable  of  manufacturing  the  tether  in  lengths  up  to  150,000  feet.  A  20-foot  by 
200-foot  area  in  an  existing  building  was  partitioned  off  and  partially  enclosed  with 
dust-excluding  screening  and  positive-pressure  air  conditioning,  and  the  pilot  pro¬ 
duction  line  was  reconstructed  on  a  larger  and  more  permanent  scale.  This  facility 
is  illustrated  in  Figure  6.  In  the  background  may  be  seen  the  racks  which  carry  up 
to  150  bobbins,  each  wound  with  approximately  160,000  feet  of  "single-end"  (208 
filament)  glass  roving.  The  "ends"  are  drawn  off  the  bobbins  under  controlled  ten¬ 
sion,  gathered  loosely  together  in  a  resin  pre-wetting  chamber,  and  pass  through  a 
resir  impregnation  bath.  Emerging  from  the  bath  through  an  initial  sizing  die,  the 
cyli  .Jrical  bundle  is  partially  cured  in  a  tubular  oven,  drawn  through  a  final  sizing 
die,  and  thence  through  a  series  of  finish  curing  ovens  to  emerge  in  finished  form 
in  the  right  foreground.  The  cured  tethei  is  then  allowed  to  cool  as  it  travels  some 
*00  feet  further  through  open  air,  to  oe  wound  onto  a  variable  speed  take-up  drum. 
Continuous  production  rates  of  up  to  40  feet  per  minute  have  been  achieved.  It  has 
also  been  found  possible  to  introduce  individual  ends  into  the  line  during  pr  oduction, 
in  the  event  of  breakage  or  exhaustion  of  a  bobbin,  in  principle,  at  least,  this  would 
permit  production  of  unlimited  continuous  lengths  of  tether.  The  new  production 
line  has  been  completed,  and  pilot  specimens  have  been  manufactured,  prepara¬ 
tions  are  currently  b°ing  made  to  produce  a  full-length  tether  during  the  next  few 
weeks. 

While  the  new  facility  was  being  constructed,  Owens-Corning  Fiberglas,  Inc., 
who  had  been  supplying  our  glass  roving,  offered  to  manufacture  for  us  approxi¬ 
mately  50,000  feet  of  1500-pound  break  strength  material  of  basically  similar 
construction.  This  proposal  was  accepted,  as  providing  a  possibility  for  conducting 
intermediate-altitude  tests,  Owens-Corning  were  able,  however,  to  produce  a  total 
length  of  81,000  feet  of  material  of  0.093  inch  diameter  testing  to  1650  pounds,  and 
the  entire  quantity  was  purchased.  It  has  been  wound  onto  the  winch  drum  and  is 
presently  ready  for  use  in  a  full-scale  stratospheric  flight,  as  soon  as  suitable 
conditions  of  weather  and  range  clearance  are  encountered. 

A  number  of  problems  remain  to  be  explored  with  regard  to  the  glass -resin 
tether.  One  of  the  most  important  concerns  the  making  of  attachments  to  the  ends 
of  the  tether,  which  of  course,  cannot  be  knotted.  For  tensile  tests,  hollow  metal 
ferrules  are  potted  with  epoxy  resin  to  the  ends  of  the  test  specimens,  but  the 
curing  process  is  slow,  unless  heat  is  used,  while  careless  handling  will  allow  the 
sample  to  break  if  kinked  near  the  mouth  of  the  holder,  a  new  approach  providing 
a  rapid,  secure  connection  is  needed  here.  For  attachment  to  the  winch  drum  or 
the  balloon  load  line,  a  few  turns  about  a  reasonably  large-diameter  cylindrical 
surface  provide  adequate  friction  to  hold  the  tether  end  securely,  without  excessive 
local  stresses  (for  the  attachment  to  the  ba  loon  load  line,  a  large,  lightweight  but 
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F'lgure  6.  Single-End  Glass-Resin  Tether  Production  Line.  The  impregnating  and  curing  area  is  enclosed  in  dust- 
excluding  plastic  screening,  maintained  under  positive  air  pressure  by  the  air  conditioner  at  extreme  left  r^ar.  The  glass 
roving  is  drawn  from  bobbins  on  the  racks  at  the  rear  of  the  room,  gathered  together  and  resin-impregnated,  and  passed 
through  a  series  of  sizing  dies  and  tubular  curing  ovens  to  emerge  as  finished  tether  at  lower  right 
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rigid  flanged  hoop  some  24  inches  in  diameter  and  one  inch  broad  is  used,  with  the 
flanges  extended  on  one  side  to  hold  a  shackle  pin  to  which  the  load  line  is  tied).  What 
is  needed,  however,  is  a  simple,  rapid  field  technique  for  making  splices  in  the 
middle  of  the  line  without  degrading  either  its  strength  or  its  flexibility  to  any 
significant  degree.  Efforts  are  currently  being  made  to  solve  both  of  these  problems. 

It  has  been  found  entirely  feasible  to  imbed  one  or  more  copper  wires  into  the 
tether  as  it  is  being  fabricated,  at  only  a  slight  penalty  in  weight  and  tensile  strength. 
The  possibility  of  also  depositing  a  conducting  outer  layer  over  the  tether,  to  provide 
a  coaxial  conductor,  is  being  considered,  such  techniques  would,  of  course,  be  of 
gi  eat  usefulness  for  supplying  power  to  and  communicating  with  an  air  borne  system. 

Initial  experiments  involving  a  pickup  truck  with  a  hand-  or  electric -powered 
tow-target  winch  as  a  mobile  launch  platform  indicated  that  a  somewhat  more 
sophisticated  system  would  be  required.  An  efft'Ctive,  if  unlikely,  solution  was 
provided  by  the  acquisition  of  the  surplus  amphibious  truck  illustrated  in  Figures 
7  and  8.  Six-wheel  drive  and  large  diameter  tires  permit  traversal  of  dirt  roads 
and  open  desert  terrain  at  adequate  speeds  with  excellent  stability,  extensive  and 
relatively  unobstructed  deck  space,  coupled  with  a  variety  of  power  take-off  points 
provided  an  ideal  base  for  the  winch  and  tether  rigging  required.  The  main  winch, 
of  18-inch  core  and  36-inch  flange  diameter,  32  inches  between  flanges,  with  a 
capacity  of  100,000  feet  of  0.125-inch  cable,  was  specially  fabricated  and  mounted 
on  a  framework  at  the  stern  of  the  truck.  The  winch  is  dr  iven  through  a  four- speed 
automotive  transmission  and  multiple  V-belt  by  a  hydraulic  motor.  This  motor  is 
in  turn  connected  to  a  variable  displacement  hydraulic  pump  driven  by  the  power 
take-off  originally  used  for  the  vehicle's  propeller  shaft.  Reel-in  under  power,  and 
hydraulic  braking  of  the  winch  on  reel-out  may  be  controlled  independently  of  the 
truck's  road  speed  by  valves  at  the  hydraulic  control  operator's  position  amidships. 
The  tether  passes  off  the  winch  through  a  level -wind  guide  pulley,  forward  to  a 
second  pulley  at  the  bow,  and  then  back  to  a  final  fairlead  pulley  mounted  on  a 
welded  superstructure  over  the  truck's  center  of  gravity.  The  bow  pulley  is  sup¬ 
ported  by  a  framework  incorporating  an  electromechanical  load  cell  providing 
continuous  monitoring  of  tether  tension,  and  is  equipped  with  a  footage  counter, 
the  fairlead  pulley  is  universally  mounted  and  fitted  with  a  Teflon-bushed  lead-out 
sleeve,  permitting  the  tether  to  emerge  unobstructed  in  any  direction  in  the  upwar  d 
hemisphere.  All  pulleys,  as  well  as  the  drum  core  and  the  lead-out  shoe  have  a 
minimum  radius  of  nine  inches.  Maximum  reel-in  and  reel-out  rates  under  light 
loads  are  in  excess  of  2000  feet  per  minute,  and  reel-i  *  can  be  accomplished  at 
low  speeds  against  a  tether  tension  of  up  to  2000  pounds. 

Adjacent  to  the  hydraulic  control  position  are  a  second  seat  and  a  console, 
originally  carrying  the  ground-based  components  of  the  TM/command  system,  but 
at  present  fitted  with  the  transceivers  for  the  ground- station  radio  link  and  a 
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control  panel  for  the  intercom  system  used  by  the  personnel  aboard  the  truck.  The 
personnel  includes  the  hydraulic  and  communications  operators,  the  vehicle  driver 
and  one  observer,  seated  facing  backwards  and  upwards  in  the  driver's  compartment. 
All  personnel  are  shielded  from  possible  injury  in  the  event  of  tether  breakage  by 
side  and  overhead  screens  of  wire  mesh  or  clear  plastic. 

A  small  auxiliary  winch  at  the  extreme  stern  of  the  vehicle,  together  with  a 
guide  pulley  and  lead-out  grommet  provide  a  means  for  initial  erection  of  the 
balloon  and  load  train,  and  for  transfer  of  the  load  to  the  main  tether.  A  gasoline- 
driven  110-volt  a-e  generator  is  also  mounted  at  the  ster  n,  to  provide  power  for 
flood  lights  during  night  operations,  and  any  additional  instrumentation  which  may 
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Figure  8.  Final  Preparations  for  5000-Foot  Telemetry  Check-Out  Flight  Using  23- 
Foot  Sleeve-Clutched  Balloon,  Glass  Tether,  and  Mobile  Launch  Vehicle.  The 
balloon  is  attached  to  the  auxiliary  winch  by  a  secondary  handling  line 
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be  used  for  a  specific  operation  (all  of  the  basic  instrumentation  for  the  flight 
system  being  battery-powered).  An  emergency  mechanical  braking  system  for  the 
main  winch  has  controls  accessible  from  several  points  aboard  the  vehicle.  A 
catwalk  and  handrail  extend  along  both  sides  of  the  truck,  permitting  free  access  to 
all  stations. 

The  present  configuration  of  TABS  is  the  result  of  a  large  number  of  small- 
and  medium-scale  flight  operations,  one  of  the  most  recent  of  which--a  telemetry 
test  flight  to  5000  feet  using  the  glass  tether  and  a  23-foot  balloon- -is  shown  in 
Figure  7.  Continuous  refinements  in  components  and  techniques  have  been  made 
as  their  need  was  indicated  by  practical  experience.  Flights  with  the  system 
under  full  control  have  been  made  to  15,000  feet  altitude  (18,000  MSL)  using  music 
wire  tether,  and  the  original  sample  of  glass  tether  was  used  for  three  flights 
to  3000,  5000  and  6000  feet,  with  full  recovery  of  balloon  and  payload  in  each  case. 
Analysis  of  these  flights  has  provided  hitherto  unavailable  data  on  the  aerodynamics 
of  the  system,  which  permit  the  original  analytical  technique  to  be  extended  with 
considerable  confidence  to  the  full-scale  stratospheric  flights  planned  for  the 
immediate  future. 

The  development  program  is  expected  to  culminate  in  a  series  of  three  flights 
to  stratospheric  altitudes  using  the  present  TABS  components  and  Winzen  225,000- 
cubic-foot,  75-foot  diameter  taped  polyethylene  balloons.  The  first  flight  will  be 
performed  under  optimum  wind  conditions  permitting,  if  possible,  a  static  launch, 
and  will  carry  instrumentation  solely  to  test  the  performance  of  the  system  itself. 
The  first  flight  will  be  limited  to  a  few  hours'  duration. 

Two  subsequent  flights  will  be  conducted,  primarily  to  test  the  system  under 
more  severe  wind  conditions  requiring  a  mobile  launch,  and  it  is  hoped  that  at  least 
one  of  these  will  be  of  several  days'  duration.  A  few  tens  of  pounds  of  scientific 
apparatus  may  be  included  in  the  payload  for  these  later  flights. 

The  first  flight  will  be  conducted  as  soon  as  feasible,  using  the  Owens-Corning 
tether  on  hand.  The  two  later  flights  will  require  tether  lengths  in  excess  of  100,000 
feet,  and  will  probably  use  NOTS-manufactured  tether. 


3.  FUTURE  PLANS 

Our  plans  for  the  future  use  of  TABS  fall  into  two  categories:  those  utilizing 
the  present  system  for  various  geophysical  research  projects,  and  those  directed 
toward  further  development  of  tethered  high- altitude  systems. 

The  original  concept  of  TABS  involved  its  use  as  a  moored,  permanent 
meteorological  station.  This  still  represents  one  of  the  most  important  functions 
which  such  a  system  could  fulfill,  namely,  to  provide  a  continuous  record  of 
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aerological  parameters  at  a  fixed  point  (or  series  of  points,  with  sensor  packages 
attached  to  the  tether  at  various  altitudes)  in  the  atmosphere.  In  addition,  TABS 
would  make  possible  the  direct  measurement  of  such  quantities  as  vertical  wind 
velocities  and  precipitation  nuclei  concentrations  which  are  of  interest  to  our 
weather  modification  program  at  NOTS. 

A  somewhat  related  problem  is  that  of  atmospheric  electricity.  Measuiements 
of  the  atmospheric  potential  gradient  have  hitherto  relied  upon  summation  or  inte¬ 
gration  of  a  sequence  of  short  vertical  base-line  observations,  and  have  yielded 
contradictory  and  non-reproducible  results.  A  tethered  system  using  the  glass- 
resin  line  with  one  or  more  imbedded  conductors,  as  mentioned  above,  would  make 
possible  direct  measurement  of  the  atmospheric  potential  as  well  as  its  variation 
with  time.  Efforts  are  being  mar1  to  develop  suitable  collectors  and  measuring 
instruments,  and  to  test  various  conducting-tether  configurations.  The  interesting 
possibility  of  using  the  atmospheric  electrostatic  charge  as  a  source  of  continuous 
power  is  also  to  be  investigated. 

TABS  could  also  be  used  as  a  platform  for  photographic,  photoelectric,  and 
ultimately  television  observations,  both  of  the  ground  and  clouds  below  and  of 
astronomical  objects  above  the  balloon.  The  possibility  of  using  wind-vector 
forces  as  a  simple  source  of  first-order  azimuthal  stabilization  for  such  instru¬ 
mentation  is  of  great  interest,  especially  insofar  as  a  stabilized  platform  would 
permit  relatively  long  exposures  at  high  resolutions  and  narrow  bandwidths. 

The  tethered  system  also  provides  an  ideal  vehicle  for  long-term  detection 
and  collection  of  various  atmospheric  constituents  and  contaminants.  With  a 
moderate  horizontal  wind  at  the  instrument,  contamination  by  material  associated 
with  the  balloon,  payload  and  tether  could  be  avoided.  Suitable  collectors  and 
detectors  of  sufficiently  light  weight  already  exist,  and  will  be  employed  with 
TABS  for  study  of  atmospheric  moisture,  precipitation  nuclei,  micrometeorites, 
organic  material,  and  so  forth. 

Since  the  lift  of  a  balloon  increases  as  the  cube  of  its  dimensions,  and  its 
projected  area,  and  hence  drag,  varies  as  the  square  (similar  considerations 
applying,  of  course,  to  tether  strength  and  drag),  the  efficiency  of  the  system  will 
increase  with  size.  On  the  other  hand,  greater  size  will  increase  the  problems 
associated  with  inflating  and  launching  the  system,  especially  under  adverse 
conditions. 

Two  approaches  to  these  problems  are  available.  The  first,  and  simplest  is  to 
operate  from  a  vessel  at  sea  permitting  movement  in  any  direction  at  reasonable 
speeds.  Matching  of  vessel  speed  with  wind  velocity  will  permit  vertical  inflation 
of  the  balloon  from  a  limited  deck  space,  :  o  that  a  small,  fast  ship  such  as  a 
destroyer  could  be  used.  It  is  hoped  that  this  approach,  using  the  present  system, 
can  be  tested  in  the  near  future. 
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To  operate  a  larger,  all-weather  system  on  land,  however,  it  will  probably  be 
necessary  to  abandon  the  mobile  technique,  since  the  extensive  airspace  and  ground 
access  required  will  not  be  generally  available,  and  the  larger  capacity  winching 
system  needed  would  become  somewhat  unwieldy.  The  most  direct  approach  would 
involve:  first,  some  method  of  protecting  the  balloon  during  inflation  and  prior  to 
launch  (several  such  methods  have  been  proposed  in  recent  years),  and,  second, 
a  substantial  increase  in  balloon  ascent  rate,  best  achieved  by  use  of  a  low-drag 
aerodynamic  configuration.  If  ascent  rates  of  2500  to  3000  feet  per  minute  could 
be  achieved,  a  static  launch  technique  would  become  entirely  feasible,  even  in  the 
presence  of  relatively  high  tropospheric  wind  velocities.  Experiments  are  to  be 
conducted  at  NOTS  with  small  streamlined  balloon  shapes  to  determine  whether 
stable  ascent  can  be  achieved  at  such  rates,  and  to  develop  means  for  maintaining 
efficient  aerodynamic  configurations  over  the  large  balloon  expansion  range  needed. 

The  possibility  of  mooring  balloons  at  altitudes  above  that  of  the  wind  minimum 
has  also  been  given  extensive  consideration.  While  the  strength-to-weight  ratio  of 
the  glass-resin  tether  is  certainly  adequate  for  flights  to  the  highest  altitudes  which 
can  be  reached  by  conventional  balloons,  it  is  felt  that  the  most  efficient  system 
would  involve  deployment  of  a  high-altitude  second  stage  from  a  balloon  moored  at 
the  wind  minimum.  The  upper  stage  should  combine  sufficient  buoyant  lift  to  sup¬ 
port  itself  and  its  tether  in  low  winds  with  aerodynamic  lift  and  control  for  station¬ 
keeping  in  higher  winds.  Model  studies  leading  toward  such  a  system  could  be 
conducted  using  the  present  TABS. 

Finally,  the  tethered  balloon  system  offers  an  attractive  solutior  to  many  of 
the  problems  hitherto  encountered  in  manned  high-altitude  balloon  operations, 
especially  those  involving  flights  of  long  duration.  The  balloon  can  be  confined  to  a 
relatively  limited  region  of  airspace,  line-of  sight  communications  can  be  main¬ 
tained,  and  it  might  even  prove  feasible  to  conduct  resupply  operations  by  "flying" 
a  small  balloon  and  payload  up  along  the  tether. 


I.  ANM.VriCAI.  IMKHKIM  UK 

As  noted  in  Section  1  of  this  paper,  an  analytical  program  has  been  worked  out 
and  refined  by  experience,  which  permits  determination  either  of  the  balloon  and 
tether  parameters  required  to  adapt  the  system  to  a  general  class  of  wind  condi¬ 
tions,  or  of  the  feasibility  of  flying  a  given  system  under  a  specific  wind  profile. 
The  procedure  has  been  simplified  to  the  point  where  it  can  be  performed  in  a 
relatively  short  time  immediately  prior  to  a  flight  by  manual  computation  follow¬ 
ing  a  pibal  or  rawinsonde  sounding.  The  vehicle  rate  profile  for  a  mobile  launch 
can  likewise  be  readily  computed  on  the  basis  of  a  last-minute  sounding.  Examples 
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of  such  computations  are  presented  in  the  following  paragraphs  for  the  existing  sys¬ 
tem  in  a  recent,  typical  wind  profile. 

Figure  9  illustrates  the  configuration  which  will  be  assumed  by  a  tethered  sys¬ 
tem  having  the  parameters  indicated  on  the  right  in  the  figure,  under  the  wind  profile 
of  17  September  1964  (see  also  Figure  1,  where  the  wind  velocity  is  plotted  in  knots 
rather  than  feet  per  second).  The  procedure  is  as  follows: 

a.  Select  balloon  flight  altitude:  hQ  :  64,000  ft 

b.  Select  balloon  net  lift:  L,  =  750  lbs 

b 

c.  Determine  balloon  projected  area  at  the  given  h  ,  from  balloon  inflation 

tables:  1  4000  ft3  (balloon  assumed  spherical) 

2 

d.  Determine  wind  drag  on  balloon:  ~  C ^  (pQ  Vq  /  2)  =  3.5  lbs 

(Cpb  -  balloon  drag  coefficient  =  0.8 

-  4  3 

Pq  -  (atmos.  density  at  hQ)  *  20  x  10  slugs/ ft 
Vq  =  3.3  ft/sec,  both  from  rawinsonde  reduction) 

e.  Specify  payload  weight  (including  TM/command  package,  antennas,  load 

line,  load  ring,  parachute,  squib  cannons):  =  88  lbs 

f.  Compute  tether  angle  at  balloon  by  vector  resolution: 

6  -  Tan"1  D.  /(L.  -W  )  =  Tan'1  49.4  x  10'3  -  0°17' 

o  b  b  p 

g.  Compute  tether  tension  at  balloon: 

T  =  D. /Sin  9  --  (L.  -W,  )/Cos  9  -  662  lbs 

o  d  o  b  b  o 

h.  Select  first  altitude  increment:  Ah^  =  4,000  ft 

i.  Compute  tether  length  in  h^:  £  ^  -  Ahj/Cos  9Q  -  4,000  ft 

j.  Compute  tether  flat-plate  area:  A1  1  7.85  £^/1000  =  31.4  ft3 

2 

k.  Compute  tether  drag  force:  D^  =  C^  (p^  / 2 )  A^  =  0.30  lbs 

(Cpt  tether  drag  coefficient  =  1.2  (mean  value  from  experiment  +  theory) 

-  4  3 

Pj  -  2.25  x  10  slugs/ft  ,  Vj  -  8.35  ft/sec,  both  from  rawinsonde  data  at 
increment  midpoint,  62,000  ft) 
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l.  Compute  tether  increment  weight:  W  ^  4.75  (^  1000  1  * J . 0  lbs 

m.  Compute  tether  angle  at  h^  hQ  -  Ah^  60,000  ft: 

0.  Tan'1  (T  f'n  0  •  U.  )  /  (T  Cos  0  -W.)  0  20' 

1  o  o  1  o  o  1 

n.  Compute  tether  tension  at  h^: 

I  .  (I  Sin  0.  ♦  D.  )  .  Sin  tl,  643  lbs 
1  o  11  1 


o.  Repeat  steps  h  -  n  for  successive  increments  in  altitudes  of  5000  ft,  from 
60,000  ft  to  5000  ft,  final  increment  2650  ft  from  5000  ft  to  ground  (2350  ft) 

From  the  values  of  0  and  T  thus  obtained  at  each  altitude  h  ,  a  flight  con- 

n  n  n  h 

figuration  such  as  that  in  the  center  of  Figure  9  can  lie  plotted.  If  at  any  point  0 
exceeds  90°,  or  T  exceeds  the  tether  breaking  strength  (1500  lbs),  the  system 
cannot  be  flown.  For  the  procedure  outlined  above,  a  precious  computation  with 
-  650  lbs  showing  0  90°  at  approximately  4000  ft  altitude  was  redetermined 

for  -  750  lbs,  with  the  acceptable  results  shown  in  the  figure.  This  profile  is, 
however,  close  to  the  maximum  which  the  present  system  coulu  tolerate;  the  bal¬ 
loon  is  very  near  its  maximum  inflation,  while  the  tether  angle  at  the  ground  is 
dangerously  large.  The  tether  tension,  however,  is  at  all  points  well  below  the 
specified  minimum  breaking  strength.  The  total  length  of  tether  out  is  somewhat 
greater  than  that  presently  on  hand,  but  well  within  the  length  scheduled  for  pro¬ 
duction  at  NOTS. 

Referring  to  the  remaining  profiles  illustrated  in  Figure  1,  a  flight  would  have 
been  marginally  possible  on  the  14th  because,  although  the  velocity  at  the  maximum 
is  somewhat  greater  than  on  the  17th,  it  is  relatively  less  below  20,000  feet,  and 
the  altitude  of  the  minimum  is  considerably  lower.  The  system  would  encounter 
no  difficulty  on  the  15th  or  16th,  and  the  vertical  extent  of  the  low-velocity  region 
could  permit  flights  to  considerably  greater  altitudes.  It  is  unlikely  that  the 
present  system  could  have  been  maintained  aloft  on  the  18th. 

In  all  such  calculations  the  winds  are  assumed  to  be  constant  in  direction.  In 
most  cases,  this  is  in  fact  a  reasonably  good  assumption  over  the  region  of 
moderate-to-high  wind  velocities,  moreover  it  makes  the  calculations  somewhat 
conservative  because  a  variation  in  wind  direction  with  altitude  will  reduci  tether 
angle  to  some  extent. 

Application  of  the  mobile  launch  technique  to  the  profile  of  the  17th  is 
illustrated  in  Figure  10.  If  the  balloon  were  to  rise  freely,  with  the  wind,  at  a  rate 
of  1200  ft/min  (which  should  be  achieved  by  a  well-clutched  balloon  having  a  vertical 
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drag  coefficient  of  1.5- 1.6)  it  would  follow  the  right-hand  dashed  curve,  coming  to 
altitude  some  28  miles  downwind,  and  requirng  slightly  over  30  miles  (  —  160,000 
feet)  of  tether.  The  weight  (760  lbs)  of  this  amount  of  tether  exceeds  the  lift  avail¬ 
able,  and  this  laurch  mode  is  obviously  not  feasible. 

If  one  approximates  the  actual  wind  profile  by  the  5000  foot -interval  stepped 
profile  which  overlies  it  in  the  figure,  and  then  assumes  a  conservative  vehicle- 
balloon  rate  differential  of  25  ft/ sec  (  —  15  knots),  the  '-chicle  rate  profile  indicated 
by  the  left-hand  stepped  curve  is  obtained.  The  vehicle  is  then  driven  for  periods 
of  4  min  10  sec  (-  5000  ft  +  1200  ft/  min)  at  each  of  the  various  speeds  indicated  in  the 
figure,  attaining  a  maximum  speed  of  60  ft/ sec  =  41  mph  and  following  the  central 
dashed  curve.  The  total  road  distance  covered  is  14.  6  miles,  which  is  just  feasible, 
utilizing  a  section  of  available  road  lying  to  the  west  of  point  1  in  Figure  2.  1'he 
balloon,  following  the  left-hand  dashed  curve  relative  to  the  vehicle,  now  comes  to 
altitude  13  miles  downwind  of  the  end  of  the  road  (2,  Figure  2),  with  18  miles 
(—95,000  ft)  of  tether  deployed,  for  a  total  weight  of  450  pounds.  This  is  quite  ac¬ 
ceptable,  and  the  balloon  would  gradually  drift  back  upwind,  with  the  tether  being 
retrieved  under  light  tension,  until  the  configuration  of  Figure  9  was  reached. 

Of  the  profiles  in  Figure  1,  that  of  the  14th  is  too  severe,  the  tropospheric 
winds  are  blowing  at  some  50°  to  the  road  direction,  giving  a  cross-wind  component 
of  some  40  knots.  Even  if  the  wind  were  blowing  along  the  road,  the  58 -knot  maxi¬ 
mum  would  require  excessive  vehicle  speeds,  unless  the  rate  differential  were 
allowed  to  approach  20  knots.  On  the  15th  the  winds,  although  relatively  low,  are 
at  some  80°  to  the  road  direction,  making  a  mobile  launch  impractical.  Free 
ascent  of  the  balloon  from  a  static  ground  point  would,  however,  consume  .ess  than 
100,000  feet  of  tether,  and  would  be  feasible. 

The  profile  of  the  16th  offers  some  choice:  the  balloon  could  be  let  out  under 
control  from  a  static  position  to  40,000  feet,  and  then  allowed  to  rise  free  to 
approximately- 50,000  feet;  or  the  mobile  launch  method  could  be  used,  with  the 
vehicle  rate  profile  matched  to  that  of  the  wind  velocity,  the  vehicle  remaining  more 
or  less  directly  below  the  balloon  during  the  entire  ascent.  On  the  18th,  again, 
launching  would  prove  impossible. 

We  thus  see  that,  during  the  week  under  consideration,  the  system  could  be 
launched  and  maintained  aloft  over  a  full  three  days,  from  the  15th  through  the  17th. 
The  following  is  a  fairly  typical  pattern:  a  recent  sti.dy  indicated  that  of  some  83 
days  during  June-September  1964  on  which  soundings  were  made,  static  launches 
could  be  made  on  six,  and  free-rise  or  mobile  launches  on  22,  for  a  total  of  34% 
of  the  days  cor  .idered.  Similarly,  the  system  could  be  maintained  aloft  on  58,  or  70%, 
of  the  days  studied,  many  of  these  falling  into  groups  of  a  week  or  more. 
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The  various  drag  coefficients  used  in  these  calculations  have  been  derived 
from  analysis  of  flights  to  altitudes  of  up  to  15,000  feet  (and  to  50,000  feet  for  the 
ascent  rate  observations  with  free  balloons).  They  are  at  least  plausible  when 
compared  with  theoretical  calculations  and  the  limited  experimental  data  obtained 
elsewhere,  and  there  is  no  evident  reason  for  doubting  their  applicability  at  higher 
altitudes.  The  empirical  drag  coefficients  for  the  balloon,  0.7  to  0.8  lateral  and 
1.2  to  1.6  vertical,  lie  between  the  values  lor  a  smooth  sphere  (0.5)  and  a  circular 
flat  plate  (2.0),  the  higher  figure  for  vertical  drag  evidently  results  from  the 
observed  flattening  of  the  balloon  crown  at  high  ascent  rates. 

The  assumed  tether  drag  coefficient  of  1.2  is  somewhat  more  complex.  Strictly 
speaking,  one  should  consider  an  element  of  the  tether  as  an  inclined  cylinder 
subject  to  normal  and  parallel  drag  forces  as  well  as  lift,  and  three  coefficients 
should  be  employed.  It  appears,  however,  that  by  using  a  single  drag  coefficient 
and  utilizing  the  total  flat  plate  area  (not  just  the  component  normal  to  the  wind) 
of  the  tether,  a  reasonable  approximation  to  the  actual  forces  on  the  tether  can  be 
obtained,  permitting  a  great  simplication  of  the  calculations.  The  drag  coefficient 
thus  determined  falls  in  the  range  1.1  -  1.3.  Parallel  (skin)  drag  is  found  to  be 
negligible  except  at  high  tether  inclination  angles,  which  in  the  normal  TABS  con¬ 
figuration  occur  only  near  the  ground.  Lift  forces,  which  will  be  negative  and  thus 
equivalent  to  an  excess  tether  weight,  are  significant  principally  at  intermediate 
angles.  These  also  are  encountered  at  relatively  low  altitudes.  Normal  drag  co¬ 
efficients,  based  on  Reynolds'  number  calculations  for  the  prevailing  velocities 
and  tether  dimensions,  range  from  2.0  at  10  ft/sec  at  80,000  feet, to  1.1  at  10  ft/sec 
and  0.8  at  50  ft/sec  at  the  ground  (at  1  ft/src  at  80,000  ft  the  coefficient  can  reach 
a  value  of  6,  but  the  drag  force  at  such  a  low  velocity  and  atmospheric  density  is 
negligible).  The  assumption  of  a  drag  coefficient  of  1.2  applied  to  the  total  pro¬ 
jected  area  of  the  tether  results  generally  in  a  moderate  overestimation  of  the  tether 
drag  force.  This  offsets  the  effect  of  neglecting  lift  forces  upon  the  derived  values 
of  9  at  intermediate  altitudes,  and  somewhat  overestimates  the  tether  tension. 
Similarly,  near  the  ground  the  calculated  drag  is  considerably  in  excess  of  the 
actual  normal  drag,  which  probably  overcompensates  for  neglect  of  parallel  drag. 
The  result  is  a  relatively  conservative  assessment  of  system  capabilities  which 
should  suffice  for  the  present;  actual  high-altitude  flight  data  will  ultimately  pro¬ 
vide  more  precise  information  on  which  a  more  detailed  and  accurate  analysis  can 
be  based. 
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II.  Improvement  in  Balloon  Design 
Through  Scale  Model  Analysis 

J.  A.  Winker 
Raven  Industries,  Inc. 
Sioux  Falls,  South  Dakota 


Abstract 


The  history  of  plastic  ballooning  has  been  one  of  ever-increasing  demand 
for  payload  and  altitude  capability.  To  meet  this  challenge,  improvements 
must  be  made  either  in  balloon  materials  or  in  design.  In  recent  years  much 
effort  has  been  applied  to  the  materials  aspect  of  the  problem  with  gratifying 
but  expensive  results. 

New  design  concepts  are  called  for  which  will  extend  the  capability  of 
less  expensive  balloons.  Since  most  balloon  failures  occur  at  midaltitudes  on 
ascent,  more  must  be  learned  about  the  stresses  on  partially  inflated  balloons. 
A  scale  model  study  has  been  instituted  to  investigate  the  configurations  and 
stresses  for  this  condition.  Initial  work  has  been  aimed  at  establishing  model 
laws  and  at  comp;  ring  different  standard  balloon  designs.  A  new  balloon 
design  has  been  explored  by  this  technique  and  preliminary  verification 'of 
the  model  data  has  been  made  in  full-scale  flights. 


I.  INTROIN  f.TION 


Only  fifteen  years  ago  it  was  considered  a  rather  significant  achievement 
to  carry  loads  of  100  pounds  or  more  to  an  altitude  of  100,000  feet.  Since 
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then,  we  have  seen  a  considerable  advance  in  capability  with  such  accomplishments 
as  lifting  payloads  of  150  pounds  to  150,000  feet  and  some  15,000  pounds  to  medium 
altitudes.  Along  with  this  has  come  some  improvement  in  reliability,  but  not  as 
much  as  could  be  desired.  The  advances  which  have  been  attained  were  made 
possible  by  the  development  of  better  designs  and  better  materials.  Since  balloon 
users  are  continually  seeking  greater  lift  and  altitude  capability,  this  process  of 
betterment  must  be  continued. 

Much  effort  has  been  expended  in  recent  years  developing  sophisticated, 
reinforced  balioon  materials.  These  are  very  excellent  materials  in  their 
proper  application,  but  there  is  no  evidence  that  they  cam  or  should  be  used  in 
the  general  area  of  "workhorse"  balloons.  Current  work  on  improved  low-cost 
films  is  more  apropos  to  the  majority  of  balloon  experimentation  and  should 
lead  to  a  worthwhile  advance  in  the  state-of-the-art. 

In  spite  of  improved  materials  that  may  be  available  now  or  in  the  future, 
some  capability  limit  exists  with  the  designs  now  in  use.  Therefore,  il  we 
are  to  obtain  the  maximum  growth  in  the  technology,  the  design  aspect  of  the 
problem  must  not  be  neglected.  The  work  reported  on  here  aims  at  learning 
more  about  stresses  in  partially- inflated  balloons.  The  results  of  these  studies 
should  permit  the  formulation  of  designs  superior  to  contemporary  types. 


2.  MODEL  TESTING 

The  greatest  hazard  to  the  polyethylene  balloon  is  ascent  through  the  tropo- 
pause  and  the  lower  stratosphere  regions.  It  is  here,  where  the  balloon  has 
expanded  to  only  a  small  fraction  of  its  full  volume,  that  a  large  majority  of 
balloon  failures  occur.  Thus,  if  designs  are  to  be  improved,  it  appears  essen¬ 
tial  that  more  information  be  gained  on  stress  patterns  in  partially  inflated 
balloons. 

A  certain  amount  of  this  information  has,  and  can,  be  obtained  by  photog¬ 
raphy  --  up  cameras,  internal  cameras,  telescopic  cameras,  and  soon  --  or 
by  personal  observation  from  manned  flights  or  escort  aircraft.  Such  data, 
while  useful,  present  only  a  small  part  of  the  information  necessary.  Also, 
the  occasions  are  infrequent  when  such  techniques  of  observation  may  be 
employed. 

To  obtain  a  large  amount  of  information  inexpensively,  the  Air  Force 
Cambridge  Research  Laboratories  has  sponsored  a  scale-model  investigation 
program  utilizing  "water  models".  Sporadic  water-model  tests  had  been  conducted 
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by  various  groups  in  the  past,  but  no  specific  effort  was  known  which  tried  to 
establish  meaningful  model  laws.  It  is  expected  that  eventually,  as  a  result  of  the 
current  program,  many  facets  of  balloon  performance  will  be  predictable  through 
model  testing. 

To  provide  the  greatest  realism  in  the  test  method,  a  large  water  tank  was 
constructed  so  that  the  buoyant  envelope  would  act  in  its  denser  atmosphere"  much 
as  a  real  balloon  does.  This  facility  eliminates  the  typical  problem  of  air-water 
intermix  usually  present  in  suspended,  water-inflated  models  and  it  also  allows  for 
eventual  testing  with  other  combinations  of  atmosphere  and  buoyancy  media. 

The  water  tank  is  an  octagonal  structure  seven  feet  across  the  flats  and  eight 
feet  deep  (Figure  1).  Each  inflation  test  is  recorded  photographically  with  still  and 
time-lapse  cameras.  The  degree  of  inflation  is  determined  by  measuring  the  lift 
with  a  load  cell  whose  output  is  recorded  during  the  test  run. 

The  work  which  has  been  completed  to  date  was  primarily  for  comparisons  and 
background  information  and  to  establish  a  foundation  for  future  analyses.  In  this 
effort,  a  large  number  of  scale-model  balloons  have  been  inflated  to  rupture.  The 
data  collected  include  ultimate  lift  at  failure,  shapes  at  various  degrees  of  inflation, 
and  the  location  and  nature  of  the  rupture.  A  comparison  was  made  between  six 
different  balloon  designs,  three  of  which  were  taped  and  three  tapeless.  The  burst 
values  correlate  quite  well  with  known  or  derived  values  for  full-scale  balloons. 

A  goocf  deal  of  additional  numerical  data  will  be  required,  however,  before  quanti¬ 
tative  analytical  steps  can  be  taken  to  make  accurate  predictions  of  the  performance 
of  new  balloon  designs.  While  these  data  are  being  acquired,  we  can  still  make  very 
good  use  of  the  qualitative  results  of  the  tests  which  have  been  run. 


3.  Ill  HST  MODE  in  POTIIKSIS 

It  appeared  significant  in  the  model  failures  that  rupture  almost  invariably 
occurred  on  the  top,  nearly-flat  region  of  the  bubble.  A  search  through  eye¬ 
witness  accounts  and  photographic  records  of  actual  balloon  failures  reveals  that 
the  little  tangible  evidence  available  seems  to  indicate  that  these  also  occur  near 
the  very  top.  No  evidence  was  uncovered  which  would  point  to  any  other  area  as 
being  the  initiation  point  for  failures. 

In  the  models,  the  failure  was  predominantly  the  result  of  transverse  stressing. 
This  seems  incongruous  at  first  since  a  natural  shape  balloon  by  definition  cannot 
have  transverse  stresses.  Also,  there  is  obviously  surplus  material  in  the  bubble 
which  should  be  available  to  relieve  the  stressed  area.  The  answer  to  the  first 
statement  is,  of  course,  that  the  shape  of  a  typical  balloon  at  launch  is  not  like  that 
of  a  theoretical  sub-pressure  balloon.  The  vast  excess  of  material  tends  to  form 
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Figure  1.  Water  Tank  Test  Facility 


a  large  cavity  under  the  gas  bubble  causing  it  to  deviate  substantially  from  a 
theoretical  shape.  It  is  this  same  nonsymmetrical  arrangement  of  material  which 
can  set  up  the  transverse  stresses  in  the  top  region. 

Figures  2  through  5  show  various  aspects  of  a  full-scale  static  balloon  infla¬ 
tion.  Note  in  Figure  2  that  while  the  stress  lines  on  the  outer  portions  of  the  bubble 
(left  side)  are  reasonably  meridional,  those  in  the  sub-pressure  cavity  cross  the 
gore  seams  at  distinct  angles.  Note  also  that  these  stress  lines  are  essentially 
two-dimensional  curves  and  may  be  imagined  to  lie  on  a  vertical  plane.  In  Figure  3, 
a  hypothetical  "stress  plane"  has  been  superimposed  over  the  bubble  to  better 
illustrate  the  path  of  the  stress  line.  It  may  be  seen  that  the  angle  between  the 
stress  line  and  the  gore  seams  increases  from  approximately  zero  to  60  J  in 
the  visible  field  of  this  photograph. 
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Figure  2.  Stress  Pattern  in  Partially  Inflated  Bubble 


Figure  4  shows  the  same  bubble  and  the  same  stress  plane  from  above.  This 
area  of  the  balloon  is  largely  under  biaxial  load  and  the  stress  lines  cannot  be 
seen,  but  it  is  not  difficult  to  imagine  the  stress  lying  on  the  surface  of  th*»  plane 
until  it  crosses  a  gore  at  a  90-degree  angle  resulting  in  a  perfectly  transverse 
load.  At  this  point  the  stress  line  leaves  the  planar  surface  and  follows  an  ima¬ 
ginary  circumferential  path  to  a  matching  stress  line  in  the  opposite  side  of  the 
cavity. 

This  type  of  stress  pattern  is  not  inevitable  in  all  bubbles  and  its  severity 
seems  to  be  directly  related  to  the  configuration  of  the  sub-pressure  cavity.  The 
effect  will  be  most  prominent  at  low  altitudes  and  low  levels  of  inflation.  In  the 
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Figure  3.  Representation  of  Hypothetical  Stress  Plane 


example  shown,  the  balloon  is  approximately  5  percent  inflated.  Figure  5  is  a  later 
view  of  the  inflation  test  showing  the  balloon  when  it  is  almost  14  percent  full.  At 
this  stage  the  sub-pressure  cavity  is  greatly  diminished  and  the  resulting  angles 
between  the  stress  lines  and  the  seams  are  more  moderate.  It  may  be  presumed 
that  the  transverse  stressing  on  the  top  of  the  bubble  is  considerably  relieved. 

The  effects  of  the  sub-pressure  cavity  appear  to  be  drastically  reduced  in  any 
balloon  by  the  time  it  is  8  to  12  percent  full.  After  this  stage,  there  is  comparatively 
little  likelihood  of  failure.  It  is  unfortunate  that  the  occurrence  of  the  critical  shape 
coincides  with  the  balloon's  presence  in  the  coldest,  most  turbulent  pail  of  the  at¬ 
mosphere.  This  double  effect  surely  results  in  more  failures  than  would  be  caused 
by  either  factor  alone.  It  is  important  to  note  here  that  development  of  low-cold- 
brittleness  films  will  probably  not  completely  eliminate  ascent  failures,  severe 
unsymmetrical  loading  must  slso  be  eliminated. 

If  the  stress -generation  hypothesis  is  correct,  then  how  can  the  problem  be  cir- 
cumvented',  There  are  two  basic  means  of  controlling  the  stress  situation  in  the 
balloon  top.  First,  if  the  bubble  configuration  can  be  mide  more  nearly  symmetrical. 
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Figure  4.  Development  of  Circumferential  Stress 


the  problem  is  minimized  or  eliminated.  Second,  the  shape  could  be  ignored  and 
the  top  reinforced  to  accommodate  the  stresses.  The  highly  successful  scrim 
balloons  are  the  brute-force  application  of  the  second  approach,  but  except  for 
selected  cases  this  solution  is  too  expensive.  A  more  widely  applicable  method  of 
reinforcement  is  to  place  a  cap  just  over  the  critical  top  region.  Such  a  cap  may 
take  any  of  several  physical  forms  and  be  installed  by  a  variety  of  procedures. 

Reinforcement  may  be  a  satisfactory  solution  for  some  circumstances,  but  a 
general  solution  to  the  problem  would  be  more  desirable.  A  symmetrical  bubble 
would  answer  this  criterion,  and  while  complete  symmetry  may  be  impractical  to 
achieve,  close  approximations  should  be  possible.  The  simple  expedient  of  full 


Figure  5.  Moderation  of  Transverse  Loading  as  Inflation  Increases 


tailoring  (which  is  hardly  new)  will  go  far  toward  attaining  this  goal.  Alternatively, 
there  are  numerous  possible  methods  of  manipulating  the  excess  material  to  dis¬ 
tribute  it  around  the  bubble.  Consideration  of  these  methods  leads  to  many  nmi- 
fications,  one  of  which  will  be  treated  in  detail  in  the  remainder  of  this  paper. 


.  1.  S\T  HXI.I.OON  DKSUiN 

It  has  long  been  our  belief  that  tapes  on  balloons  are  a  necessary  evil.  The 
familiar  tapeless  balloon  is  perfectly  capable  of  supporting  enormous  loads  when 
fuily  inflated  at  ceiling.  It  is  severely  limited,  however,  in  what  it  can  lift  at  low 
altitudes  in  a  partially  inflated  state.  Therefore,  tapes  have  been  used  as  a 
necessary  expedient  to  incr<  ase  lift  capabilities.  The  presence  of  comparatively 
rigid  strips  acting  as  strength  members  seems  somehow  incompatible  with  the  light, 
flexible  somewhat  elastic  films  to  which  they  are  attached.  This  is  especially  so 
with  the  lighter  gauges  of  film  now  being  used  predominantly  in  the  higher  altitude 
work. 
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These  feelings,  coupled  with  the  germs  of  the  ideas  expressed  in  the  foregoing 
hypothesis,  led  to  investigations  and  design  concepts  for  heavy  load  tapeless 
polyethylene  balloons,  that  is,  a  tapeiess  balloon  which  can  safely  carry  loads  equal 
to  those  of  taped  balloons.  The  culmination  of  this  investigation  was  a  design  whic  h 
employed  a  fully-tailored  gas -seal  contour  to  achieve  a  bubble  as  uniform  as  pos - 
S’ibie,  but  the  gore  pattern  was  that  of  a  semi -cylinder  balloon  to  provide  the 
requisite  str  ength  (Figure  6).  The  design  was  termed  SVT,  for  Simulated  Variable 
1  hickness,  because  if  the  design  is  considered  as  fully  tailor  ed,  the  extra  gore 
material  distributed  around  the  surface  of  the  balloon  would  provide  additional 
meridional  strength  equivalent  to  a  film  of  increasingly  greater  thickness.  This 
additional  material  allows  the  tapeiess  balloon  to  carry  lar  ge  loads  while  the  lift 
is  concentrated  in  a  small  bubble 

Preliminary  tests  of  the  design  w  ere  conducted  under  a  company  -  sponsored 
effort.  The  results  were  sufficiently  encouraging  that  the  design  was  selected 
for  evaluation  in  the  AFCRL  water-model  program.  This  work  substantiated  the 
theory  involved,  and  subsequently  the  concept  was  verified  with  full-s^ale  vehicles 
under-  a  development  contract  with  the  Office  of  Naval  Research.  The  first  effort 
under  this  contract  was  the  static  inflation  of  the  cr  own  section  of  a  1/2  mil,  9  mil¬ 
lion  cubic  foot  balloon.  This  bubble  constrained  a  lift  of  3,620  pounds  (Figure  7) 
before  it  failed  because  of  creep  in  the  material.  The  lift  was  over  four  times  any 
lift  previously  contained  in  a  half- mil  polyethylene  tapeiess  balloon  and  was  even 
beyond  the  predicted  capacity. 

Since  static  inflations  are  not  flights,  it  was  still  necessary  to  obtain  flight 
experience  with  the  SV'l.  A  1/2  mil,  3  million  cubic  foot  balloon  was  constructed 
for  this  purpose  and  flown  with  a  gross  inflation  of  1080  pounds  (Figures  8  and  9) 
or  some  50  percent  more  than  is  recommended  with  the  equivalent  conventional 
tapeiess  design.  I  his  balloon  performed  ideally  in  all  respects.  Figure  9  shows 
the  balloon  at  41,000  feet  when  it  is  2  1,  2  percent  full.  Despite  the  fact  that  this 
should  be  in  the  region  of  cr  itical  shape,  the  sub-pressure  cavity  is  not  severe. 
While  the  stress  lines  cannot  actually  be  seen  in  this  photograph,  it  is  apparent 
that  the  angle  they  form  with  the  gores  will  not  cause  serious  trouble. 

Like  any  new  design,  this  one  has  not  been  100  percent  successful.  The 
problems  which  have  been  encountered  are  probably  related  to  manufacturing 
procedures,  but  the  presence  of  even  a  moderate  sub-pressure  cavity  is  suspect. 
Therefore,  in  current  SVT  balloons  a  belt-and-suspender  approach  is  being  taken. 
To  augment  the  shape  advantage  of  SV'  l  over  semi -cylinder  configurations,  the 
external  flaps  are  being  anchored  one  to  another  to  provide  a  positive  cap,  re¬ 
inforcing  the  top  of  the  bubble.  The  first  of  this  variation  of  SVT  design  (a  1/2  mil, 

6  million  cubic  footer)  has  recently  been  flown  in  a  completely  successful  flight 
with  a  gross  inflation  of  some  950  pounds. 
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DONE  PATTERN  FOR 
TAPELESS  SEMI  -  CYLINDER 
BALLOON 
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Figure  7.  1/2  MIL  SVT  Bubble  Lift:  3620  Pounds 


The  SVT  design  is  equally  applicable  to  thin  and  heavy  films  and  to  reinforced 
materials.  Initially,  its  greatest  use  will  be  in  thin -film  balloons  when  maximum 
altitudes  must  be  reached.  All  flights  to  date  have  utilized  films  of  0.55  and  0.7  > 
mil  polyethylene  and  successful  performance  has  been  demonstr  ated  in  balloon 
sizes  from  3,000,000  to  9,000,000  cubic  feet.  Figure  10  shows  a  comparison  of  the 
potential  lift  capabilities  of  SVT  balloons  as  compared  to  semi-cylinder  d.  signs. 
The  gross  lifts  in\olved  in  the  flights  which  have  been  made  fall  midway  between 
the  limit  profiles.  Th  re  is  no  reason  to  expect  that  the  designated  SVT  limit  is 
not  attainable. 

When  manufacturing  techniques  are  fully  worked  out  and  the  SVT  concept 
reaches  full  fruition,  it  will  have  the  advantage  of  the  load  capabilities  of  present 
taped  balloons  at  a  cost  only  slightly  higher  than  that  of  conventional  tapeless 
balloons.  It  Is  very  possible  that,  in  combination  with  same  of  the  new  promising 
films,  this  design  will  attain  a  degree  of  reliability  which  is  unheard  of  shot  t  of 
scrim  const!  uction. 
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Figure  8.  3  Million  Cu.  Ft.  SVT  Balloon  1080  Lb.  Gross  Lift 


Figure  9.  3  Million  Cu.  Ft.  SVT  Balloon  at  41,000  Ft 


GROSS  LIFT  (LB.) 
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Figure  10.  Lift  Capabilities  of  Tapeless  Balloon  Designs 


si  mm  un 

No  matter  what  improvements  or  advances  are  made  in  materials,  new  de¬ 
signs  are  necessary  for  maximum  expansion  of  balloon  capability  and  utilization 
of  those  materials.  In  order  to  develop  new  designs,  it  is  necessary  to  establish 
the  shortcomings  and  limitations  of  existing  configurations.  Scale  model  analysis 
is  proving  to  be  a  valid  and  inexpensive  method  of  obtaining  this  knowledge. 

Preliminary  observations  have  led  to  the  conclusion  that  most  ascent  failures 
originate  on  the  top  of  the  bubble.  The  probable  reason  for  this  is  the  presence  of  a 
circumferential  stress  induced  by  bubble  asymmetry.  '1  his  hypothesis  leads  to 
the  suggestion  that  design  improvement  may  be  achieved  by  restoring  a  degree  of 
symmetry  and/or  reinforcing  the  top  region. 

The  SVT  design  is  the  first  of  a  family  of  designs  making  use  of  these  thoughts 
It  shows  strong  promise  as  an  improved  balloon  design. 


41 


III.  Polyethylene  Film  with  a  Hi-Slip  Additive 
as  a  Balloon  Barrier  Material 

J.  A.  Haueter 
Viron  Division  of 
Geophysics  Corporation  of  Americo 
Minneapolis,  Minnesota 


Abstract 


One  of  the  factors  blamed  for  polyethylene-balloon  ascent  failures  is  blocking 
between  layers  of  film  as  the  balloons  expand  and  unfold  during  ascent.  This 
blocking  could  prevent  the  balloon  from  unfolding  and  cause  an  internal  buildup  of 
superpressure  until  the  balloon  ruptures.  The  use  of  a  slip  additive  in  polyethylene 
film  to  decrease  the  film  coefficient  of  friction  was  studied  as  one  of  the  solutions 
to  this  blocking  problem. 

Polyethylene  suppliers  have  long  used  slip  additives  in  their  commercial  film. 
Air  Force  Cambridge  Research  Laboratories  funded  a  program  with  Viron  to  test 
the  use  of  a  hi-slip  additive  in  the  balloon-grade  polyethylene  to  determine  its 
acceptability  for  use  as  a  balloon  barrier  material.  Viron  has  laboratory-tested 
the  film  and  has  used  it  to  build  three  2. ‘<4  million-cubic -foot  balloons.  This  report 
describes  the  characteristics  of  the  film,  summarizes  the  test  results  and  the 
production  problems  involved,  and  presents  the  limited  flight  history  of  balloons 
flow  n. 
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I.  IM  IIO'II  I  THIN 

Oru*  of  the  factor  s  suspected  of  being  the  cause'  of  polyethylene-balloon  ascent 
failur  es  is  blocking  between  layers  of  film  as  the  balloon  expands  and  unfolds  during 
ascent.  This  blocking  could  prevent  the  balloons  from  maintaining  a  natural  shape 
as  they  expand,  resulting  in  circumferential  stress  buildup  and  perhaps  isolated 
stress  concentrations  which  could  lead  to  balloon  rupture.  This  blocking  theory  is 
substantiated  by  pictures  taken  from  balloon-borne  cameras.  These  pictures  show 
material  deployment  as  being  intermittent  and  jerky  rather  than  a  smooth,  con¬ 
tinuous  process. 

Consider,  for  example,  the  ascent  of  a  standard  3-million-cubic-foot,  1.5-mil 
polyethylene  balloon  with  a  gore  length  of  270  feet.  Assuming  this  balloon  to  ascend 
at  1000  ft/minute,  the  balloon  expansion  in  the  critical  40,000  to  60,000-foot  area 
would  theoretically  require  4  to  5  ft/  minute  of  circumferential  unfurling.  At  this 
rate  stresses  could  build  up  rapidly  if  the  balloon  were  restrained. 

In  an  effort  to  relieve  the  blocking  problem  and  facilitiate  more  uniform  de¬ 
ployment  of  expanding-ascending  balloons,  methods  of  decreasing  the  coefficient  of 
friction  of  the  balloon  barrier  material  to  reduce  blocking  were  investigated. 
Presently  this  is  done  by  dusting  with  cornstarch  or  polyethylene  powder.  Dis¬ 
cussions  with  polyethylene  film  manufacturers  led  to  testing  of  polyethylene  film 
with  a  l,slip"  agent  added.  I  will  outline  this  program  in  terms  of  the  slip  additive, 
test  program  and  results,  manufacturing  problems,  and  flight  results. 


2.  SLIP  \m>ITI\KS 

Slip  additives  have  been  used  in  polyethylene  films  for  some  time.  The  additive 
used  in  the  film  we  tested  is  a  saturated  fatty  acid  amid.  This  substance  is 
thoroughly  mixed  with  the  melted  polyethylene  resin  before  extrusion.  The  additive 
mixes  well  with  the  resin  at  extruding  temperatures  but  does  not  react  chemically 
with  it.  Upon  cooling  and  crystallizing  of  the  extruded  film,  the  additive  exudes  to 
the  surface,  coating  both  sides  of  the  polyethylene  with  a  thin  film. 

The  final  result.then,  is  basically  the  standard  polyethylene  with  very  thin 
layers  of  the  slip  additive  on  both  sides.  These  layers  of  the  slip  agent  impart  the 
slipperiness  to  the  polyethylene,  the  polyethylene's  apparent  coefficient  of  friction 
being  determined  by  the  percentage  of  additive  used  in  the  film  resin.  It  should  be 
noted,  however,  that  the  slip  agent  can  be  worn  off  by  friction. 

Polyethylene  films  using  this  type  of  additive  are  presently  marketed  in  five 
grades  of  slipperiness  -  no  slip,  low  slip,  medium  slip,  high  slip,  and  extra  high 
slip.  No  slip  '  has  no  additive  and  the  others  have  increasingly  higher  perci  '  ^es 
of  additive.  Present  balloon  films  as  purchased  per  MIL-P-4640A  contain  no  sup 
additives. 
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3.  tkstini;  pi«m;r\m 


The  film  tested  in  this  program  was  1.5-mil  polyethylene  with  the  "hi-slip" 
amount  of  slip  additive.  This  film  will  be  referred  to  as  hi-slip  polyethylene  from 
here  on.  The  film  was  supplied  to  Viron  certified  to  conform  to  MIL- P-4640  A. 

The  purpose  of  the  testing  pregram  was  to  determine  if  hi-slip  polyethylene 
offered  any  advantages  over  standard  polyethylene  for  use  in  high  -  altitude  balloons. 
The  program  was  conducted  in  two  steps.  First,  a  series  of  tests  was  conducted 
to  determine  the  film's  physical  properties  and  fabrication  capabilities;  and 
second,  two  model  balloons  were  constructed  and  tensile-tested  to  compare  the 
holding  ability  of  two  types  of  commonly  used  end  fittings. 

The  physical  material  evaluation  consisted  of  testing  the  film  for  coefficient  of 
friction,  material  tensile  sti  ength,  both  longitudinal  and  transverse,  seal  strength; 
peel  adhesion  of  pressure-sensitive  tapes,  and  tear  initiation.  All  tests  were  con¬ 
ducted  at  room  temperature  and  at  -60JC,  per  ASTM  test  standards.  Graphs  were 
made  of  Instron  test  results.  Tests  were  conducted  on  both  standard  and  hi-slip 
polyethylene. 

The  particulars  of  these  test  results  will  not  be  covered.  Rather,  a  general 
comparison  of  the  two  films  as  they  performed  in  each  test  will  be  presented. 

Standard  tensile  tests  were  conducted  on  both  the  films  with  no  apparent 
difference  between  the  two.  The  hi-slip  film  acted  quite  similarly  to  standard 
polyethylene,  both  in  elongation  and  in  ultimate  tensile  strength. 

Seal  tests  of  both  hot  jet  and  vertrod  seals  of  hi-slip  to  hi-slip,  and  hi-slip 
to  standard  polyethylene  were  made.  No  significant  difference  in  seal  strengths  as 
compared  to  seals  of  standard  polyethylene  was  noted. 

Tape-peel  adhesion  tests  were  conducted  on  both  films  utilizing  Minnesota 
Mining  No.  480  polyethylene  tape  and  No.  1?  30  glass  filament  tape.  Peel  was  180 
at  a  stripping  rate  of  2  and  5  inches  per  minute.  Adhesion  to  the  hi -slip  film  was 
slightly  better  than  to  standard  film  at  room  temperature,  but  cold  temperature 
adhesions  were  equally  poor  for  both  films.  It  is  significant  for  all  polyethylene 
balloons,  that  as  temperature  decreases  from  +  25°C  to  -60 5C,  material  and  seal 
strength  of  polyethylene  double,  whereas  tape-peel  adhesion  is  reduced  to  1/10 
its  normal  value. 

Tear  resistance  of  both  films  was  nearly  equal. 

Coefficient  of  friction  of  films  varied  as  would  bi  expected.  Both  static  and 
sliding  coefficients  were  measured  at  2-  and  5-mch-per-minute  pull  rates. 

Figure  1  shows  schematically  the  friction-testing  apparatus  used  with  the  Instron 
tensile  tester.  At  room  temperature  the  coefficient  of  friction  of  hi-slip  polyethyl¬ 
ene  was  only  ab<  ut  25  to  40  percent  of  that  of  standard  polyethylene.  At  -60  C,  the 
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Figure  1.  Coefficient  of  Friction  Testing  Apparatus 


hi-slip  coefficient  was  about  66  percent  of  that  of  standard  polyethylene.  Decreasing 
the  temperature  decreased  the  friction  coefficient  in  both  cases.  Some  tests  were 
conducted  with  no  effort  made  to  reduce  the  hum  dity  at  -60°C.  Results  indicated 
no  significant  difference  in  the  coefficient  of  friction  between  the  two  films. 

In  summary  of  these  tests,  the  only  significant  difference  in  the  two  films  is  in 
the  coefficient  of  friction,  as  pointed  out  above. 

In  the  second  step  of  testing,  two  four-loot-long  model  balloons  were  constructed 
to  duplicate  the  128-TT  end  fitting  configuration  and  tested  to  destruction.  One 
balloon  was  made  with  standard  polyethylene,  the  other  with  hi -slip.  Banded  EV-13 
type  fittings  were  put  in  the  top  of  these  balloons  and  5-inch  fused  wedge  and  collar 
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fittings  were  put  in  the  bottom.  Both  balloons  failed  after  the  polyethylene  yield 
point  had  been  exceeded.  Ih_  hi -slip  polyethylene  held  well  in  both  end  fittings 


l.  MWI  I  \l  II  HIM.  I'lmitl  KM' 

Fabrication  of  hi-slip  balloons  did  present  some  problems.  Viron  has  fabricated 
three  oalloons  of  hi-slip  polyethylene.  These  balloons  were  made  for  NEAR  of 
1.5-rnil  polyethylene.  They  were  standard  2.94-million- c  ubic  -  foot  tailored-taped 
balloons  designed  to  lift  a  nominal  payioad  of  1510  pounds  to  100,000  feet. 

The  handling  of  the  material  on  the  rolls  was  difficult,  as  the  core  would 
"telescope"  out  of  the  roll  if  not  secured  or  if  the  roll  was  not  held  perfectly  le\el. 

On  the  sealing  table,  each  gore  had  to  be  taped  individually  to  the  table  at  2 -loot 
intervals  to  prevent  the  gores  from  slipping  from  the  pressure  of  the  weight  of 
those  on  top  of  them.  Tape  adhesion  and  sealing  were  the  same  as  is  usual. 

Uniform  deploying  of  material  in  the  end  fittings  during  end-fitting  assembly  w  as 
much  easier  than  usual  due  to  the  slipperiness  of  the  film. 

In  summary,  the  slipperiness  of  the  film  does  makt  the  fabrication  job  mon 
difficult  and  time-consuming  but  it  is  not  detrimental  to  the  quality  of  the  tmal 
balloon  if  proper  precautions  are  exercised.  The  cost  is  increased  by  about  10 
percent  over  that  of  a  standard  balloon  because  ot  the  increased  handling  involved. 


I  I. Kill  I  RKSI  I  i' 

Three  balloons  haw  been  made  of  hi  -slip  polyethylene.  These  three  were  tin 
2.04-million-cubic-foot  balloons  mentioned  above.  To  this  date,  only  one  ol  these 
balloons  has  been  flown.  This  balloon  was  flown  from  Palestine,  It  \as,  and  lulled 
on  ascent  at  about  48,000  feet. 

Some  of  the  balloon  film  was  recovered  after  descent.  Examination  of  tin 
material  showed  it  to  have  a  slipperiness  comparable  to  that  of  standard  polyethyl¬ 
ene.  Apparently  the  slip  additive  had  worn  of*  the  polyethylene  during  the  fast, 
violent  descent,  verifying  the  prediction  that  it  will  come  off  with  friction.  As  is 
usually  the  case,  no  other  information  could  be  gained  concerning  the  failure  either 
from  the  flight  history  and  conditions,  or  from  an  examination  of  the  recovered 
mater  lal. 
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6.  <  0\<  I  I  ’■'ION ' 


A  few  conclusions  can  be  made  as  a  result  of  the  testing  program  and  fabrica¬ 
tion.  f  irst,  the  addition  of  the  slip  additive  to  the  basic  polyethylene  resin  does  not 
significantly  change  the  physical  properties  of  the  film  other'  than  the  coefficient  of 
fr  iction,  nor  does  it  affect  the  use  of  tapes,  seals,  or-  other  materials  or  processes 
used  on  the  film  in  connection  with  balloon  fabrication.  Second,  the  slip  additive 
reduces  the  coefficient  of  friction  of  the  film  appreciably,  especially  at  room 
temperature.  As  the  film  temperature  is  decreased,  however,  the  dil'terence  in 
coefficient  of  friction  of  the  two  films  decreases  considerably.  The  difference  in 
the  hi-slip  friction  coefficient  of  3d  percent  over  standard  polyethylene  at  low 
temperature,  however,  leaves  some  doubt  that  it  will  be  a  significant  aid  in 
minimizing  blocking  at  low  tempt  natures. 

Although  hi  -  slip  polyethylene  as  decribed  above  is  not  considerably  better  than 
standard  polyethylene  for  balloon  use,  the  concept  of  using  slip  additives  in 
polyethylene  films  should  not  be  abandoned.  A  lower  degree  of  additive,  lor  example, 
might  be-  used  with  thin  polyethylene  films  to  decrease  blocking  problems  both  in 
fabrication  and  in  flight. 

The  fact  that  polyethylene  with  a  slip  additive  has  been  produced  to  MIL-P- 
4G40A  and  has  proven  adequate  for  balloon  construction  opens  this  film  configura¬ 
tion  up  for  any  balloon  use  in  which  it  might  prove  better  than  standaru  polyethylene. 
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IV.  Statistical  Implications  of  Balloon  Materials 

R.  L.  Hauui 

National  Ctntar  for  Atmosphtric  Rostarch 
Boulder,  Colorado 


Abstract 


The  author  has  been  working  the  last  two  years  with  the  scientific  balloon 
group  of  the  National  Center  for  Atmospheric  Research. 

Our  concern  in  the  NCAK  work  has  been  directed  toward  improvement  of 
balloon  materials  for  better  flight  reliability.  In  this  program  we  have  tested  a 
large  number  of  candidate  materials  --  films  and  scrims  --  and  have  been  con¬ 
cerned  with  both  character  and  quality. 

The  quality  of  polyethylene  balloon  film  is  the  basis  for  this  paper,  since  we 
must  recognize  that  variation  of  quality  is  an  unavoidable  reality  in  all  materials. 
The  strength  properties  of  balloon  films  will  vary  from  sample  to  sample  in  a 
manner  that  might  be  either  the  normal  or  the  Poisson  distribution,  as  shown  in 
Figure  1.  These  are  the  mor  e  pribable  distributions,  but  others  are  certainly 
very  possible. 


I.  I>KSU;\  CHITKHI  \ 

Balloons  are  designed  principally  for  axial  tensile  loads  on  the  basis  of 
strength  per  unit  width  of  material.  1'he  weight  concern  is  expressed  in  terms 
of  weight  per  area,  usually  as  pounds  per  thousand  square  feet. 
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Figure  1.  Most  Common  Property  Distributions  of  Materials 
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Balloon  films  are  most  often  compared  on  tlu  basis  of  calc  ulated  tensile 
strength  and  measured  thickness.  Thickness  measurements  can  seldom  be  mad* 
to  a  precision  better  than  »  5  percent.  Where  tensile  strength  (psi  units)  is  cal¬ 
culated  from  measured  thickness,  the  strength  data  are  subject  to  inaccuracies  of 
thickness. 

Mor  e  meaningful  and  more  accurate  design  data  are  obtained  'Alien  film 
strength  is  calculated  on  the  basis  of  strength  per  width  and  when  film  thickness 
is  identified  merely  as  weight  per  area.  These  criteria  are  better  for  specifica¬ 
tion  purposes  a  well  as  for  design. 

Tor  example,  where  specifications  may  now  call  for  1.5-mil  polyethylene 
(t  0.3  mil)  of  tensile  strength  greater  than  2000  psi,  a  better  equivalent  specifica¬ 
tion  would  be: 

weight  not  to  exceed  8.65  lb/  1000  sq  ft 

strength,  not  less  than  2.4  lb/inch  . 


2.  IM.  WS 

Recognizing  the  variability  of  strength  and/or  thickness,  our  next  concern 
is  to  sample  the  product  in  such  a  manner  that  we  learn  this  variability.  The 
criteria  for  acceptance  of  purchased  balloon  films  as  well  as  for  design, 
should  be  based  upon  the  realities  of  variation.  Statistics  provide  an  identifi¬ 
cation  of  these  realities. 

In  the  polyethylene  specification,  MIL- F-  4640  A,  each  lot  of  material  is 
sampled  foi  property  evaluation  by  taking  test  specimens  each  10,000  feet  or 
at  each  end  of  the  rolls.  This  is  not  a  random  sampling,  as  is  desired,  and 
there  should  be  opportunities  for  increasing  the  number  and  locations  of 
samples.  Four  tensile  tests  per  lot  are  now  required  (two  each  in  machine 
and  transverse  direction)  and  five  thickness  measurements  are  made  per  roll 
of  film.  These  represent  less  than  one  part  per  million  of  product,  and  insure 
at  best  that  no  more  than  about  five  percent  of  the  product  will  be  outside  of 
specification  values. 

The  operating  characteristic  curves  for  these  samplings  are  presented  in 
Figure  2.  If  strength  per  width  is  calculated  from  thickness  data,  there  is  an 
80-pcrcent  probability  of  accepting  material  containing  10  percent  defective  area 
(below  specification  minimum).  We  suggest  that  the  sampling  plan  of  MIL-P-4640A 
is  inadequate  to  assure  delivery  and  acceptance  of  satisfactory  product.  I  he 
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Figure  2.  The  Acceptance  Probability  of  Defective  Polyethylene 
Balloon  Film  by  the  Sampling  Plan  of  MIL-P-4640A 


accept/reject  criteria  are  based  upon  insufficient  samples  and  nonrandom  sample 
selection. 

A  better  plan  would  be  to  evaluate  the  strength  per  width  and  the  weight  per 
area  for  at  least  15  samples  per  lot,  to  give  an  Acceptance  Quality  Level  of  0.04 
percent  defective.  This  follows  code  G  normal  inspection,  outlined  in  MIL-STD-414, 
"Sampling  Procedures  and  Tables  for  Inspection  by  Variables  for  Percent  Defective" 
In  this  method,  the  average  value  and  the  standard  deviation  are  calculated,  and  the 
sample  is  accepted  or  rejected  on  the  basis  of  a  presumed  normal  distribution  of 
properties. 

For  example,  if  3.0  lb/ inch  is  the  minimum  acceptable  strength  of  polyethylene 
film  weighing  less  than  8.7  lb/ 1000  sq  ft,  material  A^  of  Figure  3  is  not  acceptable, 
but  material  B  is  satisfactory.  Sample  &  has  a  higher  average  strength,  but  it 
shows  greater  variation  than  Sample  13. 


of  SAt4Pi.es 
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3.  DESIGN  ALLOWABLES 

The  design  allowable  for  a  material  is  usually  below  its  yield  strength  and  far 
enough  below  ultimate  strength  to  provide  a  good  safety  factor.  The  design 
allowable  should  be  at  a  sufficient  increment  below  ultimate  strength  so  that  even 
extreme  material  variations  do  not  cause  failure. 
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After  accepting  material  ^  of  Figure  3,  we  now  proceed  to  manufacture  a 

g 

balloon  of  3  x  10  cubic  feet  volume.  During  gore  assembly  we  take  additional 
tensile  strength  samples  and  find  that  the  material  has  an  average  strength  x  and 
standard  deviation  a  which  may  differ  slightly  from  the  acceptance  results  which 
were  bi  sed  upon  a  smaller  number  of  samples  (and  perhaps  upon  more  than  one  lot 
of  material).  If  we  find  that  the  material  has  a  normal  variation,  then  the  number 
of  material  defects  expected  in  the  balloon  can  be  learned  from  Figure  4.  In  this 
case,  a  defect  represents  an  area  1  inch  wide  with  strength  less  than  the  design 
allowable.  This  graph  points  out  the  importance  of  using  more  conservative  design 
allowables  (or  better  material)  for  larger  balloons  in  order  to  minimize  the 
presence  of  defects.  In  our  design  example  with  a  design  allowable  of  1.6  lb/inch, 
we  would  expect  to  have  12  defect  areas  in  the  balloon.  The  same  statistical 
procedures  that  were  used  to  prepare  Figure  4  could  be  used  to  indicate  the  prob¬ 
able  number  of  defects  in  balloon  gore  seals  of  a  complete  balloon. 


4.  CONCLUSIONS 

As  the  supply  of  balloon  materials  is  becoming  more  plentiful,  there  is  op¬ 
portunity  and  need  to  revise  procurement  specifications  to  reflect  more  reliable 
inspection  procedures.  Design  and  performance  criteria  should  be  used  as  the 
basis  for  specification  requirements. 

The  greater  probability  of  material  and  fabrication  defects  in  larger  balloons 
should  be  recognized  by  the  industry,  and  more  conservative  design  allowables  or 
better  quality  materials  should  be  used  to  maintain  equal  material  reliability. 
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V.  Behavior  of  Polyethylene  in  Simulated 

Balioon  Environment* 

W.  B.  Parsons 
Litton  Svstams,  Inc. 
St.  Paul,  Minnesota 


Abstract 


In  our  research  to  evaluate  potential  balloon  materials,*  we  have  conducted 
a  survey  of  available  plastic  films  to  find  those  most  promising  for  balloon 
manufacture.  These  will  be  compared  with  polyethylene  and  Mylar --the  most 
predominant  materials  in  balloons  at  present.  There  is  no  assurance,  of 
course,  that  either  will  be  replaced  as  the  materials  of  choice;  consequently, 
some  of  our  studies  are  designed  to  permit  a  broader  understanding  of  the 
characteristics  of  polyethylene  and  Mylar. 

This  paper  is  limited  to  our  initial  studies  of  polyethylene- -with  particu¬ 
lar  emphasis  on  influence  of  temperature,  high-frequency  stressing,  com¬ 
parison  of  lubricants,  and  cold  brittleness.  We  shall  describe  some  of  the 
equipment  that  we  have  developed  for  these  and  future  studies.  While  some 
results  are  available  for  presentation  here,  we  are  not  as  yet  in  a  position 
to  draw  conclusions  as  to  where  these  data  may  lead  in  relation  to  balloon 
performance  or  to  the  design  of  better  balloons. 


♦Contract  AF  19(628)-2944  -  "Evaluation  of  Potential  Balloon  Materials" 
for  Electronic  Systems  Division,  Air  Force  Cambridge  Research  Laboratories. 
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I.  TEST  MATERIAL 


The  material  on  which  tests  were  performed  is  described  in  Table  1. 


Table  1.  Test  Material 


Source 

-  VisKing  Corporation,  Division  of  Union  Carbide  (now  Ethyl 
VisQueen  Film  Division,  Ethyl  Corporation) 

Type 

-  Polyethylene 

Resin 

Union  Carbide  DFD  5500 

Identification 

-  Reference  01-24153,  ARL  511 

Width 

33  inches  center  fold 

Thickness 

-  2  mil  nominal,  1.98  mil  (average  of  4  n  ,  asurements) 

Machine  Direction  Transverse 

Tensile  Strength  (psi)  2349  3260 

Elongation,  ultimate  (%)  606  7  88 

Toughness  (milliseconds) 

Falling  Ball  -  flat  39.6,  crease  36.9 

Melt 

-  0.649  gram/ 10  min 

Cold  Brittle¬ 
ness 

-  4  ductile  at  -68°C 

2.  INFLUENCE  OF  TEMPER  ATI  RE  ON  CERTAIN  PROPERTIES  OF  POLYETHYLENE 

Figure  1  portrays  equipment  which  was  used  to  carry  out  the  first  phase  of 
this  work.  Environment  was  supplied  to  the  test  chamber  by  a  Tenney  TSU  150 
Servo  supply  which  circulates  40  cfm  through  various  test  chambers  to  which  it  may 
be  attached.  Either  dry  ice,  liquid  CC^,  or  both  may  be  used  as  coolant.  The 
temperature  control  is  adjusted  manually  and  the  thermostatically  controlled 
damper  provides  a  bypass  so  that  chamber  air  is  recirculated  without  passing 
through  the  dry  ice  bed.  If  necessary,  heat  can  be  added  during  the  recirculation 
process. 

The  test  chamber  is  a  multipurpose  unit  fabricated  for  use  on  this  specific 
program.  A  door  opens  at  the  back,  while  the  front  is  a  triple- pane  window.  When 
completely  outfitted  the  chamber  can  accommodate  up  to  40  specimens  (film  or 
seals).  Bottom  clamps  are  rigidly  attached,  while  upper  clamps  are  attached  to  air 
cylinder  shafts.  Pressure  regulators,  gages,  and  manifolding  are  so  arranged  that 
up  to  five  differ  >nt  infinitely  variable  pressures  can  be  maintained  at  a  given  time. 
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Figure  1.  Apparatus  for  Conduct  of  Dead  Load  Tests  at  Low  Temperatures 


making  it  possible  to  conduct  prolonged  seal  tests  using  a  number  of  different  dead 
loads  at  the  same  time.  Load  tapes  can  also  be  tested  with  this  apparatus  since  its 
pressure  capability  and  strength  have  been  designed  with  this  requirement  in  mind. 
The  pressure  cylinder  approach  was  adopted  to  provide  a  convenient  means  of 
loading  after  the  specimens  had  been  cooled  to  the  desired  temperature- -a  means, 
unlike  weights,  that  will  not  subject  remaining  specimens  to  shock  and  vibration 
when  one  specimen  fails. 

2.1  Length  vs  Temperature  (Nonlnaded  Specimens) 

Creep  tests  under  very  light  loads  can  be  made  by  pinning  the  shafts  to  fix  the 
position  of  the  upper  clamps  and  suspending  desired  loads  in  the  form  of  weights. 
Figure  2  indicates  the  change  in  length  of  nonloaded  polyethylene  specimens.  Length 
measurements  were  made  by  cathetometer.  The  contraction  experienced  is  plotted 
against  the  various  points  at  which  the  temperature  was  stabilized.  Five  specimens 
in  which  the  long  axis  paralleled  machine  direction  were  used,  as  well  as  five 
transverse  direction  samples.  To  illustrate  the  range  of  values,  all  points  are 
plotted;  for  any  given  temperature,  the  cluster  to  the  right  represents  machine 
direction  values,  while  the  cluster  on  the  left  represents  values  for  transverse 
direction.  Averages  for  both  were  so  nearly  the  same  as  to  make  a  graph  of  the 
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Figure  2.  Influence  of  Temperature  Change  on  Polyethylene  Dimensions 
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two  indistinguishable  except  below  -45°C,  at  which  the  machine  direction  contraction 
was  somewhat  more  pronounced.  The  total  contraction  of  0.44  cm  represents  1.7 
percent  based  on  the  average  nominal  length  of  25.4  cm.  Initial  specimen  lengths 
varied  0.45  percent.  For  a  check  on  accuracy,  two  readings  were  taken  on  each  of 
the  ten  clamps.  The  average  difference  was  0.012  cm  which  represents  from  one- 
third  to  one-seventh  the  range  of  values  at  a  given  temperature,  or  a  trifle  more 
than  two  of  the  smallest  divisions  in  the  graph  grid. 

2.2  Length  \s  Temperature  (Loaded  Sperimens) 

A  second  test  series  utilized  the  same  equipment  with  minor  exceptions. 

Weights  of  0.6  and  1.0  pound  were  suspended  from  specimens  (four  each  for  machine 
and  transverse  direction).  The  period  of  preloading  at  room  temperature  varied 
from  42  min  to  1  hr  and  50  minutes.  Occasional  measurements  were  made  to 
monitor  the  elongation,  although  emphasis  was  not  placed  on  this  effort  because  it 
will  be  performed  with  greater  sophistication  in  another  portion  of  the  program. 

Figure  3  illustrates  the  contraction  of  the3e  loaded  polyethylene  specimens  as 
they  were  cooled.  The  axis  intersection  represents  room  temperature  and  the  es¬ 
tablished  "zero"  point  with  respect  to  increments  in  specimen  length,  that  is,  the 
length  under  load  immediately  before  the  temperature  reduction  was  begun.  Ma¬ 
chine  and  transverse  direction  specimens  were  subjected  to  temperature  reduction 
rates  of  both  1  and  2°C/min  (simulating  ascent  rates  of  500  and  1,000  ft/min 
respectively)  while  under  both  300  and  500  psi  stress.  Primary  control  oi  tempera¬ 
ture  decrease  rate  was  by  positioning  of  a  slide  in  the  inlet  orifice.  Temperature 
vs  time  was  monitored  by  means  of  a  Brown  recorder.  Figure  3  is  typical  of  the 
results  of  all  eight  combinations.  It  represents  machine  direction  polyethylene 
cooled  at  2°C/min  while  under  load  of  300  psi.  The  contraction  at  the  lowest 
temperature  reached  (-64°C)  was  about  0.43  cm  from  the  most  stretched  condition 
reached  prior  lo  cooling.  Those  points  to  the  left  of  the  vertical  axis  are  plotted 
with  the  time  sequence  from  left  to  right  (no  scale).  These  data  represent  the  length 
changes  under  preload  without  regard  to  temperature  (that  is,  at  room  temperature 
and  before  temperature  reduction  was  started);  however,  the  original  length  is  not 
shown  here. 

Table  2  provides  some  opportunity  to  compare  results  illustrated  in  Figure  3 
with  those  obtained  in  ether  ttsts  of  this  type.  From  the  table  we  note  that  the 
amount  of  contraction  experienced  is  slightly  less  for  the  runs  conducted  at  2°C/min 
than  for  the  slower  l°C/min  runs.  Also  of  note  is  the  fact  that  elongations  (cal¬ 
culated  from  nominal  initial  lengths)  experienced  at  room  temperature  are  greater 
for  500-psi  loaded  specimens  than  for  300-psi.  Even  for  300-psi  loadings,  the 
contraction  does  not  quite  bring  the  specimen  back  to  its  original  length.  In  other 
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words,  the  elongation  imparted  by  the  load  is  greater  than  the  contraction  attributable 
to  temperature  reduction.  It  is  also  interesting  to  observe  that  the  amount  of  con¬ 
traction  in  cooling  from  room  temperature  to  approximately  -60°C  is  about  the 
same  for  both  loaded  and  nonloaded  specimens. 

2.3  Stress  vs  Temperature  (Fixed-Length  Specimens) 

A  third  series  of  tests  were  designed  to  study  thermal  influence  on  polyethylene 
in  relation  to  stress.  Specimens  were  rigidly  clamped  in  jaws  of  the  Instron  Tensile 
Tester.  The  Tenney  Servo  unit  was  used  to  supply  our  specially-designed  test 
chamber  constructed  by  Custom  Scientific  Instruments,  Inc.  Temperature  was 
monitored  by  the  Brown  recorder.  Rate  of  temperature  decrease  was  controlled  in 
most  test  runs  by  varying  the  inlet  duct  orifice,  although  variation  in  blower  speed 
by  means  of  a  Variac  was  also  found  effective.  As  with  the  previous  series,  both 
machine  and  transverse  direction  specimens  were  tested  at  rates  of  1  and  2°C/min. 
Four  specimens  were  tested  under  each  condition,  although  one  of  each  was  pre- 
loaded  to  500  psi.  With  two  specimens  the  temperature  was  decreased  to  a  much 
lower  level  although  close  control  over  rate  of  temperature  decrease  could  not  be 
maintained  when  the  liquid  nitrogen  booster  was  added  at  approximately  -60°C. 

Figure  4  depicts  raw  data  recordings  of  stress  vs  time  and  temperature  vs 
time  for  a  run  made  with  transverse  direction  material  at  a  temperature  decrease 
rate  of  l°C/min.  Also  indicated  at  the  base  of  the  stress  vs  time  curve  are  the 
corresponding  temperatures.  Figure  5  is  similar  to  Figure  4  except  that  in  this 
test  the  inlet  orifice  opening  was  not  varied  to  control  temperature  during  the  test.  Note 
that  both  curves  are  much  more  smooth.  Figure  6  is  a  plot  of  stress  vs  tempera¬ 
ture  obtained  by  analysis  of  the  curves  (such  as  Figure  4)  applicable  to  all  the 
transverse  direction  specimens  cooled  at  l°C/min.  The  lower  curve  represents 
three  specimens  which  were  initially  loaded  only  sufficiently  to  provide  slight 
stress  indication,  assuring  that  there  was  no  slack.  The  upper  curve  represents 
two  specimens  preloaded  to  500  psi  immediately  before  beginning  the  temperature 
decrease.  Once  the  mininum  temperature  was  reached  the  inlet  orifice  was 
closed  and  the  specimen  allowed  to  warm.  Figures  4  and  5  illustrated  the  abrupt 
warm-up  which  was  accompanied  immediately  by  a  corresponding  reduction  in 
stress.  In  Figure  6  we  note  that  the  stress  at  -45°C  during  the  warm-up  is  higher 
than  during  the  cool-down,  confirming  the  observation  made  earlier  that  there  is  at 
least  a  slight  lag  in  the  response  of  film  to  temperature  change. 

Although  we  have  shown  only  the  stress -temperature  relationship  for  trans¬ 
verse  direction  material  cooled  at  the  l°C/min  rate,  curves  for  the  other  three 
conditions  (machine  direction  1°  and  2°,  and  transverse  direction  2°)  are  essen¬ 
tially  identical.  Likewise,  all  curves  for  preloaded  specimens  are  essentially 
identical. 
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The  curves  presented  in  Figure  7  were  obtained  in  the  same  manner  as  those 
in  Figure  6  except  that  thev  represent  individual  specimens --one  machine  and  one 
transverse- -rather  than  several.  The  transverse  direction  specimen  (X)  was 
cooled  to  a  slightly  lower  temperature  than  was  the  machine  direction  sample  (0). 
Below  -60°C  the  temperature  was  recorded  manually  by  reading  a  thermometer 
since  the  Brown  recorder  range  terminated  at  -65°C.  The  thermometer  appeared 
to  have  more  lag  than  the  thermocouple/recorder  combination.  The  most  puzzling 
disclosure  of  this  test  was  that  the  machine  direction  specimen  actually  appeared 
to  experience  a  decrease  in  stress  during  the  final  period  of  cooling.  It  is  con¬ 
sidered  possible,  however,  that  there  may  have  been  a  previous  rapid  cooling  not 
sensed  by  the  thermometer  that  could  have  caused  the  peak  stress  indication.  If 
this  is  the  case,  there  is  an  even  more  pronounced  difference  in  the  maximum 
stresses  obtained  with  machine  vs  transverse  direction  materials  at  extremely  low 
temperatures. 


3.  HIGH-ERKQI  E\CY  STRESSING 

A  special  test  apparatus  has  been  designed  and  constructed  to  investigate  the 
performance  of  polyethylene  under  high-frequency  stressing.  Figure  8  is  a  photo¬ 
graph  "of  this  equipment.  Its  characteristics  are  described  in  Table  3. 


Figure  8.  Device  for  Conduct  of  High  Frequency  Cyclic  Load  Testing 
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Table  3.  Cyclic  Tensile  Tester 


Power  -  1/3  hp,  1725  rpm  motor 

Rate  Control  -  Graham  Model  BD4  Variable  Speed  Drive  Inlinitely  variable  from 
0  to  1725  rpm 

Conversion  from  rotary  to  oscillatory  motion  -  eccentric  head  from  vertical 

milling  machine 

Offset  Range  -  0  to  0.6  inch  providing  maximum  amplitude  of  1.2  inches 

Bearing  Block  -  Thompson  linear  ball  bearings 

Counter  -  General  Controls  Model  CM5A  mechanical  type 

Linear  Variable  Differential  Transformer  -  Columbia  Model  5-1000-53R 

Strain  Gage  -  Full  bridge  circuit  composed  of  Budd  model  341-500  gages 

Gage  Mounting  -  0.005  inch  beam  of  spring  steel  the  end  of  which  is  clamped  to  a 
post  suspended  between  two  diaphragms  of  0.025  inch  spring  steel 
-  provide  linear  displacement  with  force 

Recorder  -  X-Y.  LVDT  output,  matched  and  amplified  is  plotted  on  the  X  axis, 
strain  gage  output,  amplified  is  plotted  on  the  Y  axis 


This  tester  will  be  modified  for  use  in  performance  of  other  phases  of  our 
experiments.  A  modification  in  the  linkage  to  produce  simultaneous  rotation  and 
reciprocation  plus  addition  of  different  clamps  will  permit  twisting  and  squashing 
of  cylindrical  specimens.  When  tests  are  carried  out  at  low  temperatures  (as  a 
conditioning  process)  and  samples  are  studied  for  such  parameters  as  tensile,  tear, 
and  permeability,  the  ability  to  withstand  low  temperature  flexing  can  be  evaluated. 
Another  modification  will  involve  use  of  an  electromagnet  to  impart  a  transient 
load  at  controlled  fixed  or  variable  rates.  Equipment  will  be  oriented  so  that 
specimens  are  vertical  for  this  test. 


I.  COMPARISON  OK  l.l  BRICANTS 

Stul  another  phase  of  our  work  has  been  an  evaluation  of  polyethylene  powder* 
against  the  present  lubricant,  cornstarch.  One  portion  cf  the  effort  involved  effec¬ 
tiveness  in  preventing  undesired  film  adhesion  due  to  bleeding  by  adhesive  tapes. 
Although  this  work  is  not  complete,  results  to  date  are  summarized  in  Table  4. 


*U.  S.  Industrial  Chemical  Co.  Microthene  711-939  (mass  mean  diameter  of 
9  microns). 
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Table  4.  Effectiveness  in  Combatting  Adhesive  Bleeding 
Powdered  Polyethylene  vs  Cornstarch 


Powder 

Tape  Surface 
Exposed 

Tape 

Hoom  Temperature  Performance 

Starch 

Nonadherent 

890 

Effective  i 

Poly 

Nonadherent 

890 

6  or  10  showed  slight  adhesion 

Starch 

Adhesive 

890 

10  adhered  somewhat 

Poly 

Adhesive 

890 

10  adhered  severely 

None 

Nonadherent 

480 

no  adhesion 

Starch 

Nonadherent 

480 

not  checked  since  control  not  adhered 

Poly 

Nonadherent 

480 

not  checked  since  control  not  adhered 

Starch 

Adhesive 

480 

adhered 

Poly 

Adhesive 

480 

adhered 

These  examinations  were  made  following  room  temperature  storage  for  several 
weeks.  They  indicate  that  polyethylene  powder  is  less  effec’ive  than  cornstarch  to 
prevent  adhesive  bleeding  of  load  tapes.  In  addition,  much  greater  effort  is  required 
in  application  of  the  polyethylene  powder  because  it  does  not  adhere  as  well  as 

/T?)  Gy  * ** 

cornstarch  to  the  edges  of  the  tape.  Addition  of  Cab-O-SiP-^  or  Santocel  is 
reported  to  improve  flowability  and  might  prove  to  be  effective  in  eliminating  this 
disadvantage. 

The  next  phase  of  this  work  involved  comparing  strength  obtainable  in  seals  of 
polyethylene  c.  otaminated  by  poly  powder  as  opposed  to  those  contaminated  by  corn¬ 
starch.  All  seals  were  made  with  the  hot  jet  sealer  using  materials  dusted  with 
contaminant,  shaken  to  remove  excess,  but  not  rubbed  or  wiped.  Specimens  were 
cut  to  1-inch  width  and  initial  jaw  separation  was  3  inches.  The  jaw  separation  rate 
was  20  inches  per  minute.  The  following  results  were  obtained  and  represent 
averages  of  five  determinations: 

Control  (uncontaminated)  5.15  lb  (all  root  breaks) 

Polyethylene  powder  contaminated  5.81  lb  (all  root  breaks) 

Cornstarch  contaminated  2.47  lb  (all  but  one  peeled) 

Thus,  on  the  basis  of  tests  conducted  so  far,  polyethylene  powder  can  be  raid 
to  be  less  effective  in  preventing  ill  effects  from  adhesive  bleeding,  more  difficult 
to  apply,  but  much  less  detrimental  to  seal  strength  than  the  conventional  cornstarch. 


*A  product  of  Cabot  Corporation,  Oxides  Division. 

**Monsanto  Chemical  Company. 
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5.  COLD  BRITTLENESS 

The  final  item  to  be  mentioned  has  been  a  preliminary  evaluation  of  the  Society 
of  Plastics  Industry  Cold  Brittleness  Tester  (ASTM  D1790-62).  American  Society 
for  Testing  and  Materials  advises  in  the  1962  revision  that  the  tester  was  developed 
for  use  with  pigmented  vinyl,  and  that  its  effectiveness  with  other  films  must  be 
determined  by  the  user.  Figure  9  pictures  this  tester  in  our  environmental  chamber. 
In  the  test,  specimens  2  x  5-3/4  inches  are  formed  into  loops  and  stapled  to  cards. 
The  hammer/ anvil  tester,  proper,  was  purchased  from  U.  S.  Testing,  but  the  rotat¬ 
ing,  indexing  disc- -as  well  as  the  means  for  remotely  elevating  the  hammer  and 
initiating  its  fall- -was  designed  and  constructed  by  Litton.  This  modification  pro¬ 
vides  a  convenient  means  of  testing  ten  specimens  without  necessity  of  opening  the 
box.  Several  different  polyethylenes  have  been  tested  at  temperatures  as  low  as 
-95°C  without  eliciting  brittleness.  We  have  found  the  unit  very  discriminating  with 
vinyl,  for  example,  all  good  at  -35°C;  all  bad  at  -40°C,  and  mixed  results  at  -37°C. 
The  fact  that  the  first  unit  purchased  would  not  operate  in  the  cold  and  the  replace¬ 
ment  unit  bound  up  before  -68°C  was  reached  provided  some  tip-off  that  routine 
usage  of  this  tester  must  not  be  in  the  temperature  range  of  interest  for  balloons. 
While  we  have  a  few  more  ideas  as  to  how  we  may  obtain  useful  information  with 
this  equipment,  we  believe  that  it  is  almost  hopeless. 


Figure  9.  Device  for  Conduct  of  Cold  Brittleness  Temperature  Determinations 
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6.  SI  MW  AM 


A  brief  review  of  preliminary  studies  on  polyethylene  has  been  presented. 

This  work  is  a  part  of  a  larger  program  designed  to  find  the  optimal  materials  for 
the  fabrication  of  balloons  and  to  accumulate  information  which  will  enable  most 
intelligent  use  of  that  material  for  the  application. 
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VI.  A  New  High-Altitude  Plastic 
Balloon  Launch  Method 

Fiancis  X.  Doharty 
Air  Fore*  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


The  ability  to  launch  large  balloon  systems  on  land  increases  in  difficulty  as  a 
function  of  surface  wind  velocity. 

My  association  with  balloon  launchings  over  the  last  10  years,  until  recently, 
that  is,  has  been  limited  to  those  in  which  the  conventional  or  "dynamic"  launch 
method  was  used.  Briefly,  for  those  of  you  not  acquainted  with  the  "dynamic" 
method,  the  full  length  of  a  balloon  is  laid  out  on  an  aircraft  runway  or  some  other 
suitable  launch  pad  --  depending  on  the  balloon  size,  the  length  required  for  this 
layout  can  exceed  300  feet  --  the  bottom  end  fitting  is  tied  into  the  top  apex  of  a 
safety  parachute  and  the  parachute  risers  are  titi.  into  the  payload,  usually  sus¬ 
pended  on  a  suitable  motor  vehicle.  About  70  feet  down  from  the  top  of  the  balloon, 
we  run  the  balloon  under  the  roller  arm  of  a  vehicle  we  call  the  launch  arm  vehicle. 
Lifting  gas,  helium  or  hydrogen,  is  then  transferred  to  this  top  section  of  the 
balloon.  When  the  proper  amount  of  gas  has  been  transferred  to  the  balloon,  the 
balloon  is  released  at  the  launch  arm  vehicle  and  the  plan  is  that  it  erect  itself 
vertically  over  the  vehicle  carrying  the  payload.  Thi.i  vehicle  then  either  maneuvers 
or  stands  still,  depending  on  the  surface  wind,  to  keep  the  balloon  directly  over  the 
payload  for  the  final  release  and  system  'aunch. 


74 


I  am  sui  t*  that  those  of  you  who  have  launched  balloons  this  way  are  aware  of 
the  possible  limitations  and  hazards.  And  those  of  you  who  have  not  need  not  tax 
your  imaginations  too  much  to  appreciate  some  of  the  embarrassing  situations  you 
might  find  yourself  in  when  using  the  dynamic  method  if  you  experience  a  variable 
surface  wind  situation. 

Usually,  you  find  yourself  running  rff  the  runway  trying  to  catch  the  balloon  to 
get  under  it.  While  doing  this,  you  can  expect  to  find  a  wire  fence  staring  you  in  the 
face  --  or  a  building,  usually  a  large  aircraft  hangar  --  or  as  we  have  experienced 
on  more  than  one  occasion,  a  row  of  parked  aircraft.  The  least  that  usually  can 
happen  to  you  is  that  you  have  to  accelerate  over  rough  terrain  and  your  payload  is 
exposed  to  considerable  shock.  The  results  in  a  launch  effected  this  way  can  be 
tragic. 

During  the  years  1960,  1961  and  1962,  AFCRL,  along  with  several  other 
Government  agencies  and  contractors,  participated  in  a  program  called  Project 
BANSHEE.  The  program  was  sponsored  by  the  DASA  and  was  described  during  last 
year's  symposium  by  Mr.  Jack  Kelso  of  DASA.  Its  basic  objective  was  to  investigate 
the  blast  effects  of  HE  detonations  at  several  high  altitudes.  Some  20  "hot"  launches 
were  conducted  during  BANSHEE  --by  "hot"  I  mean  the  system  was  launched 
carrying  a  500-pound,  24-inch  sphere  of  raw  HE  --  Pentolite.  All  BANSHEE 
launches  were  "dynamic"  and  we  had  our  share  of  exciting  runs,  particularly  since 
we  were  deploying  a  200-foot  instrument  train  during  the  launch  run. 

It  was  during  BANSHEE  that  it  became  apparent  to  several  people  that  a  higher 
degree  of  efficiency,  effectiveness  and  safety  could  be  realized  by  operating  at  sea. 
With  a  vessel  of  suitable  speed  and  maneuverability  and  while  running  with  the  wind, 
launchings  of  systems  carrying  sensitive  payloads,  for  example  HE  as  in  BANSHEE, 
could  be  regularly  conducted  in  calm  surface  conditions.  Overflight  of  populated 
areas  with  a  potentially  dangerous  payload,  although  never  a  problem  in  BANSHEE, 
but  always  to  be  considered  and  provided  for  in  safety  circuitry,  could  be  completely 
eliminated. 

Over  a  period  of  years,  several  balloon  programs  have  been  conducted  at  sea 
aboard  ships  by  AFCRL  and  by  other  agencies,  and  in  most  instances  the  ship  was 
found  to  be  the  ideal  launch  platform.  I  say  "in  most  instances"  because  it  is  vital 
that  the  vessel  have  sufficient  speed  to  counteract  any  wind,  and  that  it  be  able  to 
sustain  this  speed.  Several  times  the  ship  was  found  limited  in  speed  and  not  able 
to  neutralize  the  wind.  However,  highly  successful  as  shipboard  launching  has  been, 
the  requirement  to  lay  the  full  length  of  the  balloon  out  on  deck  for  the  conventional 
inflation  and  release  procedure  --  "the  dynamic  method"  --  has  in  most  cases 
limited  the  selection  of  ships  to  the  various  classes  of  aircraft  carriers.  I  think 
you  can  appreciate  that  the  limitations  of  availability  and  extremely  high  operating 
cost  of  a  vessel  of  this  type  are  prohibitive  except  in  extreme  cases. 
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The  DASA,  therefore,  requested  that  AFCRL  develop  a  shipboard  launch  tech¬ 
nique  which  would  circumvent  the  restrictions  of  the  aircraft  carrier  and  still  retain 
the  highly  desirable  properties  of  a  shipboard  launch.  In  accordance  with  this  re¬ 
quest,  we  at  AFCRL  have  developed  a  shipboard  launch  method  which  is  designed 
for  operatjnnal  use  aboard  small  vessel.  The  need  for  expansive  deck  space  is 
eliminated  by  inflating  and  deploying  the  balloon  directly  from  its  shipping  crate. 

A  tethering  technique  is  then  used  to  position  the  balloon  directly  over  the  payload, 
at  which  time  the  launch  is  made. 

The  realization  of  this  method  required  the  development  of  a  special  "launcher" 
device  which  you  see  in  Figure  1.  Briefly,  it  is  an  electro-hydraulic  device  con¬ 
sisting  of  a  system  of  rollers  through  which  the  balloon  is  deployed  and  controlled. 
Additionally,  it  has  a  balloon  bottom  end  fitting  tie  down  anc  release  device,  in  which 
is  incorporated  a  free  lift  sensor  and  indicator,  and  a  balloon  transfer -deployment 
winch  (Figures  2  and  3).  The  model  shown  measures  approximately  7'  x  7'  x  V 
and  weighs  approximately  2000  pounds. 


Figure  1 
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Figure  2 


Figure  3 
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To  date,  this  launch  method  has  been  successfully  tested  during  three  individual 
test  series.  The  first  two  of  these,  consisting  of  18  exercises,  were  conducted  at  the 
AFCRL  Chico,  California  Operating  Location.  Natura’  calm  surface  winds  were  re¬ 
quired  for  these  exercises  to  simulate  the  shipboard  conditions. 

As  you  can  see  from  Figures  4  and  5,  in  accordance  with  our  concept  of  operat¬ 
ing  within  a  minimum  space,  all  activities  except  the  helium  trailer  operations  were 
confined  to  the  launch  area,  a  40  foot  by  8  foot  flatbed  trailer  vehicle. 

fhe  third  series,  of  which  I  would  now  like  to  show  you  a  short  film  (in  this  paper 
still  photogr  aphs  from  the  film  appear  as  Figures  6,  7,  8  and  9),  was  conducted  during 
the  period  24  through  27  August  1964  aboard  the  USS  Wood  County,  LST-1178,  in  the 
U.  S.  Navy  VACAPES  Control  Area.  Four  complete  balloon  systems  were  success¬ 
fully  launched  without  incident  in  true  surface  wind  conditions  up  to  17.0  knots. 

In  addition  to  concentrating  heavily  on  the  launch  technique,  we  imposed  certain 
other  requirements  on  ourselves.  In  order  to  trouble  the  Navy  as  little  as  possible, 
we  worked  for  minimum  loading  and  unloading  times.  The  result  was  that  within 
18  hours  all  the  equipment,  from  helium  trailers  and  instrument  van  to  balloons,  was 
fully  loaded  and  prepared  for  sea.  Within  24  hours  of  returning  to  port  the  same 
equipment  was  unloaded.  Another  aim  was  to  operate  without  requiring  any  perma¬ 
nent  modification  to  the  ship.  Electrical  grounding  straps  on  our  major  items  of 
equipment  were  the  only  requirements  and  these  were  imposed  by  the  ship  itself. 

As  you  can  see,  WOOD  COUNTY  is  not  an  extremely  small  vessel  but  it  is  con¬ 
siderably  smaller  than  a  carrier  and  much  less  costly  to  operate.  Our  need  for  this 
class  vessel  was  governed  by  our  speed  requirement  plus  our  self-imposed  require¬ 
ment  for  sufficient  helium  storage  space  for  at  least  three  flights.  As  you  can  see, 
vehicle  storage  space  is  plentiful  and  it  is  possible  to  carry  16  helium  trailers  on 
the  tank  deck  alone. 

We  believe  this  new  launch  technique  substantially  simplifies  currently- employed 
methods  of  land-based  launchings  and  will  have  definite  application  in  remote-area 
operation.  Balloons  carrying  payloads  up  to  1800  pounds  can  now  be  launched  from 
a  very  small  deck  area  under  wind  speeds  as  high  as  the  sustained  maximum  speed 
capabilities  of  the  ship.  We  are  presently  modifying  and  refining  the  launch  system 
to  accommodate  payloads  up  to  4000  pounds. 
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VII.  A  New  Polyolefin-Film  Balloon  Material 

Donald  R.  Williams 
Winzen  Research  Inc. 
Minneapolis,  Minnesota 


Most  polyolefin  balloon  film  for  stratospheric  research  activity  has  for  many 
years  been  of  the  type  specified  in  Military  Specification  MIL-P-4640A  (USAF) 
dated  17  June  1957.  Amendment  I  to  this  specification  was  issued  26  May  1958  and 
since  that  time  no  changes  have  been  made.  The  original  date  of  issue  of  the  basic 
specification,  numbered  MIL  F4640  (USAF)  was  5  September  1956.  Thus  we  see 
that  for  at  least  eight  years  there  has  been  little  change  in  polyethylene  type  balloon 
mater  ials.  The  only  significant  change  in  the  amendment  referred  to  above  was  the 
reduction  in  tensile  str  ength  requirements  in  the  machine  direction  from  2500  psi 
to  2000,  and  in  the  transverse  direction  from  2000  to  1600.  To  people  familiar  with 
the  film  industry,  the  lack  of  progress  can  be  explained  by  a  combination  of  circum¬ 
stances.  One  of  the  major  reasons  is  the  small  size  of  the  market  compared  to 
other  markets  for  polyethylene  film  which  have  developed  during  this  period. 

During  the  last  year  or  two  the  failure  rate  of  polyethylene  balloons  has  been 
very  distressing  to  the  entire  industry.  While  we  at  Winzen  Research  feel  that 
many  failures  are  due  to  poor  workmanship  and  manufacturing  techniques,  we  feel 
that  we  have  minimized  failures  of  this  type  by  adopting  certain  philosophies  of 
manufacturing.  We  select  our  manufacturing  methods  and  techniques  not  to  give  the 
fastest  rates  of  production  and  lowest  costs  but  rather  to  give  the  highest  possible 
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reliability.  We  feel  that  this  is  most  important  in  a  vehicle  of  this  type  for  fairly 
obvious  reasons. 

An  analysis  of  failure  of  balloons  manufactured  by  us  reveals  that  the  one  factor 
that  always  seems  to  be  present  during  failure  is  a  cold  tropopause  temperature. 
Certainly  not  all  of  oui  balloons  have  failed  in  the  presence  of  a  cold  trop,  but  when¬ 
ever  a  failure  does  occur,  a  cold  trop  has  almost  invariably  been  present.  This 
would  indicate  that  a  cold  trop  temperature  has  been  a  critical  environment  for 
polyethylene  balloons.  We  feel  that  under  optimum  conditions  of  balloon  unfolding 
and  in  the  absence  of  other  defects,  the  balloon  will  go  through  a  cold  trop  and  fly 
successfully.  Unfortunately,  these  ideal  conditions  are  not  easily  achieved  as  it  is 
almost  impossible  to  control  the  unfolding,  the  aerodynamic  flutter,  particularly  at 
higher  ascent  rates,  wind  shears,  and  so  forth. 

The  polyethylene  material  manufactured  to  the  requirements  of  Specification 
MIL-P-4640A  is  tested  for  brittleness  at  -68°C  by  dropping  a  two  inch  diameter 
steel  ball  through  a  sample  normalized  at  this  temperature.  If  a  fractured  tear 
results  the  sample  does  not  pass  the  test  but  if  the  tear  is  a  ductile  tear  the  sample 
is  accepted.  A  fractured  tear  resembles  the  fracture  seen  when  a  pane  of  glass  is 
broken  while  a  ductile  tear  is  a  more  or  less  straight  line  with  usually  no  more  than 
one  branch  if  any.  The  type  of  tear  is  quite  easy  to  distinguish  and  the  results  are 
reasonably  consistent.  Eight  specimens  are  tested  from  a  roll  and,  in  order  to  be 
acceptable,  no  more  than  one  specimen  shall  exhibit  a  shattered  tear.  Efforts  have 
been  made  by  some  procuring  activities  in  recent  months  to  tighten  this  specifica¬ 
tion  by  requiring  cold  brittleness  testing  of  samples  from  each  roll  of  polyethylene 
film  used.  This  is  in  contrast  to  the  selective  sampling  of  lots  as  called  for  in  the 
MIL  Specification.  Two  samples  from  each  roll  are  taken  and  if  either  sample  fails 
the  roll  is  rejected.  Our  philosophy  of  testing  at  Winzen  Research  does  not  agree 
with  this  method  of  sampling  and  rejection.  Film  is  made  in  continuous  lengths  so 
the  top  of  one  roll  is  immediately  adjacent  in  production  to  the  bottom  of  the  follow¬ 
ing  roll.  We  feel  it  does  not  buy  one  anything  to  reject  the  one  roll  and  keep  the 
other  if  the  first  roll  does  not  pass  and  the  next  one  does.  Sampling  from  the  ends 
of  rolls  statistically  gives  a  very  low  sampling  rate  to  begin  with  so  we  reject  the 
entire  lot  if  one  sample  fails.  Ail  of  this  indicates  that  balloon  film  produced  in  the 
past  has  been  very  marginal  in  passing  a  requirement  of  a  brittle  point  test  at 
-68°C.  Our  testing  over  a  considerable  period  of  time  certainly  bears  this  out. 

Winzen  Research  has  recognized  these  problems  and  on  their  own  initiative  and 
entirely  with  their  own  funds  undertook  a  research  and  development  program  to 
come  up  with  an  improved  material.  The  first  results  are  a  new  polyolefin  film 
material  called  StratoFilm*  A  facility  was  set  up  at  Mt.  Vernon,  Texas  to  produce 
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this  material  commercially.  While  all  properties  surpass  the  requirements  of 
MIL  P4640  A  by  substantial  margins,  the  most  significant  improvement  is  in  cold 
brittleness.  By  the  MIL  P4640A  test  the  brittleness  temperature  must  be  at  least 
as  low  as  -84°C  (-1 19°F)  or  lower.  This  temperature  is  lower  than  the  more 
commonly  encountered  tropical  tropopause  temperatures  and  so,we  feel,gets  one 
out  of  the  critical  environment  area.  Generally  the  films  produced  are  well  below 
this  temperature  limit.  StratoFilm  is  produced  under  Winzen  Research  Inc., 
Specification  No.  340.  There  are  several  significant  differences  between  this 
specification  and  the  MIL  Specification  in  addition  to  the  cold  brittleness  test  limits. 
In  contrast  to  checking  five  points  across  the  web  for  thickness  variation  and 
averaging  them  for  nominal  thickness  and  setting  a  maximum  variation  of  -0.3  mil, 
+0.4  mil,  the  WRI  Specification  calls  for  a  continuous  reading  across  the  web  with  a 
maximum  variation  of  ±  0.3  mil.  While  it  is  not  called  out  in  WRI  Specification 
No.  340,  production  specifications  call  for  accurate  control  of  average  thickness, 
usually  referred  to  as  yield,  by  weighing  a  lineal  yard  of  material  and  insuring  that 
the  weight  is  within  acceptable  limits.  By  this  method  average  weight  is  held  to 
about  2  percent  variation,  although  on  small  runs  it  may  run  as  high  as  3  percent. 
Any  sample  falling  outside  the  thickness  tolerance  limits  will  reject  the  entire  lot 
from  which  the  sample  is  taken. 

Width  is  not  considered  an  important  parameter  in  the  WRI  Specification. 

WRI  Specification  No.  340  calls  for  a  minimum  tensile  strength  in  both  directions  of 
2400  psi.  MIL  4640  requires  only  2000  in  the  machine  direction  and  1600  in  the 
transverse  direction.  We  feel  it  important  to  balance  the  tensile  strength  in  both 
directions  as  closely  as  possible.  We  call  for  a  minimum  elongation  in  both  direc¬ 
tions  of  400  percent.  The  MIL  Specification  calls  for  400  in  the  transverse  direction 
but  only  250  in  the  machine  direction.  W'e  have  found  so  many  variables  and  so  many 
inconsistencies  in  the  toughness  test  as  given  in  MIL  4640A  that  we  do  not  include  it 
in  our  specification.  We  do  include  a  tensile  test  across  the  fold  in  the  material  if 
the  fold  is  to  end  up  in  the  balloon  wall.  Specification  No.  340  calls  for  this  test  to 
yield  a  strength  at  least  90  percent  of  the  average  transverse  tensile  strength.  To 
repeat,  the  cold  brittleness  test  in  MIL  4640A  is  run  at  -68°C  and  in  WRI  No.  340  at 
-84°C.  Failure  of  any  sample  in  a  lot  in  the  WRI  Specification  rejects  the  whole  lot. 
In  4640  one  failure  out  of  8  is  allowed  and  a  lot  can  be  resampled  under  certain 
conditions.  In  the  modification  of  4640  calling  for  auxiliary  testing,  if  a  sample  fails 
it  rejects  that  particular  roll.  Representative  results  on  tests  of  recent  lots  of 
StratoFilm  show  brittlepoint  temperatures  as  low  as  -150°F  (-101  °C).  Generally, 
properties  have  been  very  gratifying. 
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The  flight  history  of  baboons  made  from  StratoFilm  is  of  course  limited  as  yet. 
However,  so  far  there  have  been  no  failures  to  our  knowledge  on  balloons  that  have 
got  off  the  ground.  The  first  balloons  made  from  StratoFilm  were  on  a  crash 
program  to  test  their  reliability  for  use  on  the  NCAR-managed  IQSY-EQEX  Cosmic 
Ray  Balloon  Expedition  to  India  early  in  1965.  Cold  tropopause  temperature  is,  of 
course,  expected.  We  understand  this  program  will  be  covered  in  detail  in  another 
paper  later  in  this  symposium.  Suffice  to  say  that  because  of  the  urgency  of  the  test, 
two  of  the  four  balloons  were  made  in  our  Minneapolis  Facility  and  they  flew 
normally.  Two  were  made  in  our,  at  that  time  new,  facility  in  Texas.  Neither  of 
these  got  off  the  ground,  one  we  feel  because  of  wind  and  launch  problems  and  the 
other  because  of  a  poorly  installed  apex  end  fitting.  This  balloon  was  replaced  at 
no  charge  and  has  subsequently  flown  satisfactorily  at  Palestine.  These  were  2.94 
mm-cubic-foot  capacity,  3/  4-mil  balloons.  Tropopause  temperatures  in  Panama 
were  -78  and  -76°C  and  during  the  Palestine  flight  -68°C.  Three  of  the  same  size 
and  weight  balloons  were  flown  successfully  by  the  Schjeldahl  C(  mpary.  The  first 
of  their  flights  was  launched  under  conditions  where  the  wind  came  up  during  infla¬ 
tion  and  was  reported  as  gusting  to  20  knots.  At  least  one  2.94  mm-cubic-foot, 
1-1/2-mil  balloon  has  been  flown  by  Goodfellow  Air  Force  Base  with  normally 
expected  results.  At  least  one  128-foot  diameter  tailored,  tapeless  2-  mil  balloon 
nas  been  flown  very  satisfactorily  at  Holloman  Air  Force  Base.  Tropopause 
temperature  was  -68°C.  More  flight  reports  will  be  coming  in  regularly  and  we 
have  high  hopes  of  a  high  degree  of  success. 

We  feel  that  the  polyethylene  balloon  industry  was  getting  in  a  precarious  posi¬ 
tion  due  to  the  high  percentage  of  unsuccessful  flights.  We  hope  that  the  development 
of  StratoFilm  by  Winzen  Research  will  bring  this  type  of  balloon  to  a  high  degree  of 
reliability  and  extend  its  usefulness  to  heavier  loads  and  higher  altitudes  at  a 
comparatively  low  cost. 
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VIII.  Balloon  Burst  Discussion 

N.  Sissenwin* 

Air  Fore*  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


I.  INTiiSMM  CTION 

Strong  wind  and  associated  turbulence,  especially  near  the  tropopause  (which 
varies  from  30,000  to  50,000  feet)  have  been  suspected  as  a  major  factor  in  the 
tearing  and  bursting  of  lar  ge  balloons.  It  appears  that  interaction  of  the  upper  wind 
flow  on  balloon  systems,  which  could  lead  to  damage,  can  be  considered  as  the  sum 
of  two  separate  forces: 

a.  The  resultant  force  of  the  components  mounted  on  the  film  and  of  the  load  as 
they  oppose  horizontal  acceleration  of  the  balloon  due  to  general  change  of  wind 
velocity  with  altitude,  the  shear', 

b.  Differential  tearing  forces  on  the  balloon  film  due  to  turbulence  or  gusts. 

A  tr  uer  picture  of  wind  forces  would,  no  doubt,  reveal  a  combination  of  shear 

and  gust  effects,  perhaps  supplemented  by  acceleration  forces  due  to  changes  in 
buoyancy  as  the  balloon  passes  from  the  troposphere  into  the  stratosphere.  Whether 
such  wind  forces  can  actually  damage  balloon  vehicles  will  depend  upon  their  mag¬ 
nitude  as  related  to  the  balloon  geometry  and  strength.  This  note  presents  some 
related  data  on  the  wind,  from  which  preliminary  determinations  of  their  importance 
in  balloon  failure  can  be  made. 
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2.  SHEAR  FORCES 

The  simplest  approach  to  the  shear  portion  of  the  problem  would  be  to  examine 
the  shear  each  time  there  is  a  balloon  failure,  utilizing  the  upper  wind  sounding, 
currently  obtained  with  the  AN/GMD-1  equipment,  which  was  used  to  support  the 
flight.  Unfortunately,  as  can  be  seen  from  Figure  1,  reliability  of  GMD  1  shears 
through  layers  of  a  few  thousand  feet  at  tropopause  altitudes  when  the  flow  is  strong, 
is  not  great.  For  the  case  illustrated,  the  shear  three  thousand  feet  or  so  above  the 
peak  of  the  wind  profile  which  would  have  been  indicated  by  the  GMD-1,  is  two  to 
three  times  that  detected  by  the  more  accurate  follow  -on  sounding  system,  the 
AN/GMD-2,  which  is  just  coming  into  the  inventory. 

Another  approach  to  this  problem  is  to  examine  the  statistics  of  reliably-obtained 
wind  shears  in  order  to  arrive  at  realistic  extremes  which  can  be  utilized  in  ex¬ 
amining  the  possible  forces  on  the  balloons.  Such  a  study  could  lead  to  realistic 
criteria  for  wind  shear  against  which  balloon  configurations  should  be  designed. 
Unfortunately,  only  a  limited  amount  of  applicable  data  is  available. 

Figure  2  shows  shear  versus  altitude  for  probabilities  of  1,  5,  10,  and  20  percent 
from  49  AN/GMD-2  soundings  obtained  in  the  Boston  area  in  1957.  Analogous 
presentations  for  3,000-  and  5,000-foot-thick  layers  are  also  available.  Shear 
magnitude  falls  off  with  thickness  so  that  the  1 -percent  value  at  35,000  feet, 
averaged  through  a  5,000- foot  layer,  is  only  half  the  value  shown  in  Figure  2  lor 
1 ,000-foot  layers. 

New  England  is  subjected  to  stronger  upper-air  flow  than  that  over  the  usual 
locations  for  balloon  launches  in  New  Mexico,  California,  Minnesota  and  Texas. 
Consequently  the  likelihood  of  shears  as  great  as  those  in  Figures  1  and  2  over  those 
locations  will  be  somewhat  lower.  Also,  these  shears  may  not  be  exactly  representa¬ 
tive  of  the  probabilities  depicted  for  the  Boston  area  since  there  was  quite  strong 
jet-stream  activity  during  1957.  However,  the  values  portrayed  in  Figure  2  may  be 
somewhat  of  an  under-estimate  of  the  actual  shear.  These  thousand-foot  shears  are 
the  difference  between  wind  vectors  a  thousand  feet  apart  in  altitude  but  each  wind 
vector  was  obtained  from  the  average  movement  of  the  balloon  over  a  two-minute 
time  period  while  rising  through  a  2,000-foot  layer,  a  smoothing  process.  Also, 
somewhat  greater  shears  than  the  general  wind  profile  would  be  encountered  for 
layers  thinner  than  a  thousand  feet  but  the  limitations  in  the  AN/GMD-2  equipment 
system  prevent  obtaining  such  detailed  information. 

From  the  balloon's  viewpoint,  the  worst  condition  depicted  by  this  figure  is  at 

an  altitude  of  35,000  feet  where  there  is  a  1%  probability  that  a  balloon  will  change 

horizontal  velocity  by  nearly  80  fps  (55  mph)  while  rising  only  a  thousand  feet  if  it 

were  to  respond  completely  to  the  wind,  a  fair  approximation.  At  a  rate  of  ascent  of 

2 

1 ,000  fpm  it  would  be  subjec  ted  to  a  horizontal  acceleration  of  1 .3  ft  sec  or  about  0.04g. 


WIND  SPEED  (KNOTS) 


Figure  1.  Wind  Speed  Profile  for  AN/GMD-2  Versus  Graphically  Derived 
AN/GMD-1  -  L.  G.  Hanscom  AF 13,  3  April  1957 
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I  doubt  that  such  accelerations  are  sufficiently  great  to  be  responsible  for  balloon 
bursts  but  I  believe  that  these  values  should  be  looked  into  more  deeply  by  knowledge¬ 
able  balloon  systems  designers  especially  if  faster  ascent  rates  are  planned. 


3.  Tl  RBI  LHNCK  FORCES 

To  the  rising  balloon  a  gust  may  be  considered  as  the  small-scale  fluctuation 
of  wind  velocity  with  altitude  while  the  balloon  moves  with  the  velocity  of  the 
generalized  wind  profile  which  includes  wind  shear  discussed  in  the  previous  section. 
However,  these  gusts  in  turn  have  their  own  shear  profiles.  As  will  be  seen,  the 
shear  in  these  gusts  will  be  nearly  am  order  of  magnitude  higher  tha-  the  shear  in 
the  generalized  wind  flow  as  portrayed  by  weather  balloon  soundings  which  average 
out  gustiness  during  the  two  minutes  of  rise  required  to  obtain  a  wind  vector. 

One  reasonable  assumption  in  examining  the  criticality  of  such  gusts  is  to 
assume  that  they  are  made  up  of  eddies  which  are  rotating  around  a  horizontal  axis 
in  the  strong  shear  above  and  beneath  jet  stream  wind  profiles  of  the  type  portrayed 
in  Figure  1.  If  such  a  vortex  with,  say,  a  100-foot  radius  were  penetrated  by  a 
100-foot-diameter  balloon,  a  reasonable  size  for  a  large  vehicle  ascending  through 
the  tropopause,  it  is  conceivable  that  the  full  horizontal  component  force  ol  the 
gusts  would  be  imparted  to  the  upper  or  lower  part  of  the  balloon  whereas  the  part 
diametrically  opposite  would  not  be  subjected  to  it.  This  would  result  in  a  tearing 
force. 

A  direct  attack  on  this  problem  would  be  to  investigate  turbulence  existing  during 
the  passage  of  balloons  which  had  burst.  However,  applicable  turbulence  data  are  even 
more  difficult  to  obtain  operationally  than  accurate  wind  shear.  I  understand  that 
there  are  current  efforts  to  obtain  such  information  from  accelerometer -instrumented 
balloons.  From  these  accelerations  it  is  hoped  that  details  of  wind  changes  can  be 
deduced  to  provide  gust  data  analogous  to  aircraft-obtained  gust  statistics  shown  in 
Figure  3.  My  hope,  however,  for  obtaining  the  volume  of  turbulence  data  necessary 
for  thorough  consideration  of  this  problem  is  a  new  sounding  system,  the  ROSH. 

Lt.  Reid  will  discuss  this  system  in  a  later  paper.  I  will  only  note  that  wind  profile 
details  averaged  through  a  hundred  feet  or  less,  with  an  accuracy  of  a  few  feet  per 
second,  are  promised. 

Since  we  cannot  perform  adequate  post-mortem  analysis  on  balloon  bursts,  let 
us  examine  the  gust  data  depicted  in  this  NACA  graph  (Figure  3)  for  applicability  to 
the  problem.  The  610  gusts  shown  in  this  figure  are  the  peak  speeds  and  the  dis¬ 
tances  over  which  the  airplane  traveled  while  this  peak  was  being  attained.  Instru¬ 
mentation  included  both  accelerometers  and  refined  pressure  anemometry.  Altitudes 
of  the  aircraft,  which  were  all  flown  in  the  mid  to  late  1940's,  did  not  exceed 


Figure  3.  Gust  Velocity  U  as  a  Function  of  Gust-Gradient  Distance  H 
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40,000  feet.  It  may  be  seen  that  a  nominal  gust  gradient  distance  to  use  for  some 
preliminary  investigations  is  100  feet.  Also,  a  reasonably  strong  gust  speed  to  be  used 
with  tl  is  gust  length  is  50  fps.  Values  as  high  as  83  fps  are  indicated  on  the  graph. 

In  an  AFCRL  glider  investigation  of  the  mountain  wave,  a  true  gust  speed  of  70  fps 
was  encountered  at  40,000  feet. 

A  question  as  to  the  applicability  of  these  gusts  to  vertically-rising  balloons  can 
be  raised  since  these  were  observed  by  horizontally-moving  aircraft.  However, 
other  studies  indicate  that  gustiness  in  the  free  atmosphere  is  essentially  isotropic, 
that  is,  has  no  favorite  direction.  In  fact,  if  one  can  visualize  gusts  associated  with 
the  shear  in  the  jet  stream  as  rotating  cylinders,  the  force  to  both  horizontal  and 
vertical  penetrating  vehicles  would  be  the  same. 

In  order  to  provide  more  of  a  "handle"  of  what  might  be  encountered  specifically 
at  tropopause  altitude,  I  have  included  Figure  4,  in  which  the  magnitude  of  accelerom¬ 
eter-deduced  gusts  is  related  to  the  general  wind  shear  through  2,000-foot-thick 
layers  above  and  below  the  jet  stream.  These  data  were  obtained  at  tropopause 
altitudes  with  highly-precise  radar-navigation  wind  equipment  and  VGH  turbulence 
recorders  during  AFCRL's  B-47  jet  stream  research  in  the  late  1950's.  You  will 
note  that  there  are  some  correlations  between  gust  and  shear  intensity  although  it 
is  far  from  as  high  as  expected.  This  is  one  of  the  reasons  why  it  is  difficult  to 
forecast  clear-air  turbulence,  a  very  important  problem  in  today's  jet-aircraft 
travel.  Even  in  this  very  limited  sample,  a  true  gust  of  35  fps  was  observed.  One 
can  see  that  much  higher  values  could  be  expected  with  the  stronger  wind  shear  of 
the  1 -percent  magnitude  presented  in  the  upper  curve  of  Figure  2.  The  size  of  these 
gusts  was  not  available  but  it  is  quite  likely  that  they,  too,  would  be  somewhere 
around  a  hundred  fps. 

Let  us  take  as  an  example  an  ascending  balloon,  which  is  moving  with  the  general 
wind  flow  so  that  there  is  no  relative  wind  over  it,  suddenly  penetrating  a  layer  of 
turbulent  vortices  which  have  a  radius  of  100  feet  and  an  amplitude  of  50  fps.  Almost 
any  geometric  arrangement  of  the  force  of  these  gusts  on  the  balloon  is  possible, 
especially  since  there  is  likely  to  be  a  couple  of  thousand  feet  of  such  vortices.  A 
quick  calculation  would  reveal  that  at  40,000  feet,  the  peak  dynamic  pressure  of  such 
a  gust  will  be  about  3/4  pound/sqnare  foot.  Let  us  use  an  extremely  naive  simplifica¬ 
tion,  that  the  average  pressure  is  half  a  pound/square  foot  and  that  it  is  applied 
uniformly  to  the  upper  half  of  the  balloon,  an  area  of  4,000  square  feet;  whereas 
there  is  no  gust  force  on  the  lower  half  of  the  balloon.  An  unbalanced  force  of  2,000 
pounds  is  obtained.  It  is  centered  somewhat  between  the  top  of  the  balloon  and  the 
equator.  It  tries  to  tear  the  upper  portion  of  the  film  from  the  rest  of  the  balloon 
and  the  train  which  are  not  subjected  to  it. 
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A  realistic  geometric  distribution  of  this  gust  force  would  have  to  be  developed 
and  related  to  the  balloon  configuration  before  any  firm  conclusions  as  to  the  im¬ 
portance  of  this  gustiness  can  be  reached.  However,  I  believe  these  extremely  pre¬ 
liminary  quantities  warrant  a  deeper  investigation. 
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IX.  Bollocn  Launching  from  Airplanes 

and  Helicopters 

Lomis  Slaughter 
Anderson,  Greenwood  &  Co. 

Houston,  Texas 


Abstract 


The  purpose  of  this  report  is  to  advise  balloon  users  and  potential  balloon 
users  that,  through  work  sponsored  by  AFCRL,  techniques  have  been  developed 
for  launching  balloons  and  balloon-supported  payloads  from  high  speed  airplanes. 
Additionally,  a  sound  start  has  been  made  on  a  technology  for  the  launching  of 
balloons  from  helicopters.  To  make  these  minimum  statements  more  meaningful, 
this  report  sketches  the  state-of-the-art  in  these  two  areas  discussing  the  tech¬ 
niques,  the  current  experience  level  as  to  payload  weights,  balloon  sizes,  and  air¬ 
craft  speeds,  and  touches  on  the  basic  economics  of  pounds  and  dollars. 


I.  I,M  NCIIIM,  FROM  (OWKMIOWI.  MHt  ltU  I 

The  balloon- launching  unit,  with  the  appearance  of  a  bomb,  is  carried  on  ex¬ 
ternal  or  internal  stores  positions  on  fighter-type  a- -craft.  (See  Figure  1.) 

At  rangements  for  release  from  transport  aircraft  can  also  be  made  and  are  of 
interest  for  the  larger  launcher  units.  The  step-by-step  process  of  launching  is 
shown  in  the  following  series  of  illustr  ations. 
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Figure  2  -  Balloon  unit  is  dropped  or  ejected  from  the  launching  aircraft  which 
may  be  of  any  type  including  the  latest  high-performance  fighter 
airplanes. 

Figure  3  -  Drag  parachute  is  deployed  to  slow  the  unit  and  reduce  the  main 
canopy  opening  shock.  The  drag  parachute  is  then  released  and 
deploys  the  main  canopy. 

Figure  4  -  Main  parachute  opens  and  quickly  establishes  stable  descent.  Pay- 
load  and  balloon  are  supported  on  top  of  main  canopy. 

Figure  5  -  Balloon  protective  cover  is  released  and  balloon  inflation  begins  atop 
main  parachute. 

Figure  6  -  Balloon  inflation  is  completed  and  balloon  and  payload  separate  from 
parachute. 

Figure  7  -  Actual  hardware  in  test  drop  near  completion  of  inflation. 

Figure  8  -  Balloon  and  payload  ascend  to  design  altitude.  Parachute  and  gas 
bottle  descend. 

This,  then,  is  the  general  scheme  of  launching  balloon-borne  payloads  from 
conventional  airplanes  which  has  evolved  in  AFCRL  development  carried  out  at 
Anderson,  Greenwood  &  Co.  Over  200  launches  from  airplanes  have  been  made  by 
this  group,  or  under  its  supervision.  Many  of  these  launches  were  developmental 
tests  involving  less  than  a  complete  system  or  with  the  balloon  tethered  to  the 
parachute,  but  100  complete,  free-balloon  launches  have  been  carried  out  and  of  the 
last  32,  26  were  completely  successful  in  launching  undamaged  balloons;  26/32  = 

81  percent.  Thus  80  percent  is  the  current  experienced  reliability. 

Figure  9  is  a  tabulated  record  of  these  Anderson,  Greenwood  &  Co.  -  conducted 
air  launches.  The  tabulation  covers  six  basic  units  which  have  been  engineered  and 
developed  and  gives  an  indication  of  the  overall  quantity  of  experience  which  has 
been  accumulated. 

From  the  tabulation  several  additional  facts  about  air-launching  experience  may 
be  noted: 

Maximum  payload  size  is  given  somewhat  indirectly  by  maximum  lift  (a  term 
indicating  the  sum  of  balloon  and  payload  weight).  Largest  units  air  launched  to  date 
have  a  lift  of  7  8  pounds  -  actual  payload  flown  on  this  unit  was  57  pounds. 

Maximum  launching  speeds  -  a  number  of  launches  have  started  with  separation 
from  the  airplane  at  Mach  0.95.  Slower  aircraft  speeds  at  launch  minimize  unit 
separation  and  deceleration  problems. 

Maximum  launch  altitude  -  aircraft  release  at  45,000  feet  and  balloon  deploy¬ 
ment  in  that  vicinity  is  proved  possible  by  a  number  of  flights.  Lower-  altitudes 
afford  a  milder  environment  as  regards  temperature  and  parachute-opening  shock. 
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In  addition  to  payload-carrying  balloons.  Series  106  and  Series  110  units 
launch  metalized  mylar  balloon  spheres  of  6-foot  diameter  and  10-foot  diameter, 
respectively.  These  units  have  been  employed  in  armament  development  as  high- 
altitude  radar  targets.  Figure  10  shows  the  Series  110  unit  on  the  ejector  bomb 
rack  of  a  Navy  fighter  airplane. 

A  cross  sectional  schematic  of  this  unit.  Figure  11,  is  typical. 

1.  Pressure  bottle  for  helium  storage. 

2.  Explosively-actuated  charge  valve. 

3.  Balloon  inflation  hose. 

4.  Header  (a  platform  at  parachute  apex  for  payload,  balloon,  balloon  release 
and  helium  connec  i  >n). 

5.  Balloon-release  fitting. 

6.  Payload  pack. 

7.  Balloon. 

8.  Drag  parachute. 

9.  Squib-operated  tail  lid  ejector  and  drag  chute  release. 

10.  Main  parachute. 

11.  Programmer  timer. 

12.  Batteries. 

13.  Canister. 

14.  Bomb  rack  lugs. 

Figure  12  illustrates  the  major  elements  of  the  system  after  parachute  deploy¬ 
ment  to  show  the  fill  line  going  around  the  parachute  canopy  to  the  header  on  the 
parachute  canopy  apex,  and  then  through  the  balloon-release  fitting  to  the  balloon. 

In  this  illustration  the  drag  chute  has  performed  its  function  of  preliminary  slow¬ 
down  and  main-chute  deployment.  The  baToon  is  still  under  its  deployment  pro¬ 
tective  cover  provided  to  relieve  the  balloon  of  parachute  whiplash  loads  and  aero¬ 
dynamic  forces,  during  parachute  deployment. 

In  Figure  13  the  balloon  inflation  has  been  accomplished  and  the  balloon  and 
payload  have  separated  from  the  header  on  the  parachute  canopy. 

Figure  14  is  an  incompletely-assembled  Series  106  unit,  allowing  the  examina¬ 
tion  of  some  of  the  sub-components. 

A.  Payload.  The  payloads  for  air-launched  balloon  systems  cover  a  broad  spec¬ 
trum  ranging  from  relatively  simple  radar-reflective  metalized  coating  on 
the  balloon  film  itself  to  complex  instrument  packages  capable  of  gathering 
and  transmitting  several  items  of  scientific  or  military  data.  These  packages 
have  included  a  ballasting  system  to  maintain  balloon  altitude  for  long  duration 
flights,  although  a  superpressure  balloon  could  now  be  recommended  in  many 
applications.  The  usual  design  requirements  for  airborne  payloads  apply. 
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lowest  possible  weight,  high  density  packaging,  and  resistance  to  mechanical 
shock.  Payload  weight  and  flotation  altitude  are  the  parameters  on  which  the 
remainder  of  the  package  is  based  and  from  these  the  following  are  succes¬ 
sively  selected;  balloon  gas  storage  bottle,  parachute  system,  and  canister. 

B.  Balloon.  Balloon  design  is  an  evolving  complex  technology  and  a  large 
variety  of  balloon  materials  and  designs  are  currently  in  use,  each  offering 
special  advantages  in  its  area  of  employment.  Since  the  specific  application 
is  of  prime  importance  in  the  design  of  the  balloon,  no  definitive  statement 
can  be  made  here.  A  variety  of  balloon  configurations  may  be  used,  includi  ig 
streamlined  shapes  for  high  ascent  rates  (say  1000  fpm),  cylindrical  or 
tetroon  shapes  for  economical  manufacture,  or  spherical  or  sphere-cone  con¬ 
figurations  for  the  most  efficient  lifting  characteristics.  Radar  reflectivity 
may  be  built  into  the  balloon  itself  by  the  use  of  metalized  fabric  corner  re¬ 
flectors  within  the  envelope,  metalized  balloon  film,  or  the  use  of  metallic 
dipoles  attached  to  the  balloon  film. 

C.  Gas  Storage  Bottle  and  Charging  System  Components.  As  will  later  be  shown, 
the  volume  and  weight  of  the  helium  gas  storage  component  of  the  unit  is  a 
major  factor  in  determining  package  weight  and  size,  and  therefore  in  se¬ 
lecting  the  required  parachute  system.  Highly-developed,  high-strength  steel 
and  fiberglass  bottles  are  available  and  provide  for  minimum  air-launched 
device  size.  Where  cost  factors  greatly  outweigh  size  and  weight  considera¬ 
tion,  a  low-stressed  steel  bottle  of  one  of  a  number  of  nearly  standard  sizes 
can  be  utilized  with  an  attendant  increase  in  the  overall  size  and  weight  of 
the  package. 

D.  Fill  Valve.  A  twin-squib  explosive  valve  mounted  on,  or  near,  the  storage 
bottle  is  used  to  admit  the  lifting  gas  to  the  fill  hose  at  the  proper  time. 

This  valve  is  absolutely  leak-tight  it;  the  closed  position  permitting  the 
package  to  be  stored  for  extended  periods  in  the  pressurized  condition. 

E.  Fill  Hose.  This  hose,  which  transmits  the  lifting  gas  from  the  storage  bottle 
to  the  balloon,  is  attached  to  a  parachute  shroud  line  and  continues  along  the 
top  side  o.'  the  canopy  to  the  "header"  at  the  apex  of  the  parachute.  The  gas 
passes  through  the  header,  around  or  through  a  cloth  diffuser,  which  dis¬ 
perses  the  jet,  preventing  damage  to  the  balloon. 

F.  Canister.  Generally,  the  canister  is  a  fairing  and  carrying  structure  for  the 
other  components.  Its  aerodynamic  shape  must  be  compatible  with  the  launching 
airplane  while  providing  for  minimum  shock  loading  and  maximum  stability 
during  separation  from  the  aircraft.  In  cases  where  force  ejection  is  re¬ 
quired  for  high  speed  launching  of  the  package,  the  canister  must  be  designed 

to  withstand  and  distribute  the  high  loads  exerted  by  the  ejection  system. 
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For  high  altitude  devices  the  canister  may  also  include  provisions  for  insu¬ 
lation,  or  heaters,  to  protect  the  payload,  balloon,  and  programmer.  The 
canister  is  equipped  with  access  doors  for  service  and  checkout  of  the  bal¬ 
loon  device  and  payload. 

G.  Programmer.  A  mechanically-driven  system  of  electrical  sequencing  is 
employed  on  almost  all  of  the  packages  currently  in  use,  although  in  very 
minimum  systems  powder -train  timing  is  envisioned.  The  programmer 
power  pack  consists  of  the  batteries  required  to  operate  the  various  squibs 
through  the  programmer  circuits.  The  type  of  battery  employed  depends  on 
such  factors  as  launch  altitude,  time  in  low  temperature  environment  before 
launch,  shelf  life  required,  and  overall  electrical  requirements. 

H.  Header.  The  assembly  of  balloon  attachment  and  release  mechanisms  is 
referred  to  as  the  header.  This  mechanical  assembly  is  secured  to  the 
apex  of  the  parachute  where  it  performs  a  number  of  launching  functions  as 
follows: 

1.  It  serves  as  attach  point  and  release  mechanism  for  the  payload. 

2.  It  serves  as  attach  point  for  the  helium  fill  line. 

3.  It  serves  as  attach  point  for  the  balloon  protective  cover  and  releases 
the  cover  just  prior  to  balloon  inflation. 

4.  It  serves  as  disconnect  point  between  fill  line  and  balloon. 

I.  Parachute  System.  Launch  speed  and  altitude,  together  with  package  size 
and  weight,  are  the  basis  of  parachute  system  design.  Parachute  experience 
formalized  in  the  services'  parachute  handbook  covers  the  requirements  in 
practically  all  instances,  and  in  most  cases  existing  drag  parachutes  and 
main  canopies  can  be  used  thereby  avoiding  developmental  costs. 


1.1  ttcifdil  and  (  tiM  Considerations 

Due  to  the  high  costs  of  very  lightweight  gas  storage  bottles  (particularly  high 
when  special  tooling  and  qualification  tests  are  required),  there  is  a  strong  inverse 
relation  between  balloon  air  launcher  cost  and  launcher  weight  for  a  particular 
payload-altitude  requirement.  To  place  a  few  pounds  of  payload  on  a  balloon  which 
will  rise  to  an  altitude  of  "h"  feet  by  air  launching  is  more  expensive  if  the  launch¬ 
ing  unit  must  also  be  as  light  as  possible.  In  many,  if  not  most  situations,  the 
balloon  launcher  device  in  weight  and  size  is  much  smaller  than  the  loads  for  w*  ich 
the  aircraft  is  normally  used  and  thus,  size  and  weight  are  clearly  secondary  to 
project  cost.  In  this  case  gas  storage  bottles  of  minimum  sophistication  can  be 
employed  resulting  in  the  most  economical  unit  possible.  However,  in  those  cases 
where  project  or  mission  success  is  sensitive  to  weight  and  size,  true  economy 
may  demand  the  ultimate  that  current  technology  offers.  Let  us  take  an  example: 
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Assume  the  requirement  of  air  launching  a  sixteen-pound 
payload  at  5,000  feet  to  rise  to  25,000  feet  at  600-800  fpm 
rate  of  rise,  and  flotation  at  25,000  feet  for  one  hour 
minimum  (no  sunset  requirement). 

Figure  15  analyses  three  units  all  designed  to  this  requirement.  Unit  1  is  the 
most  sophisticated,  consisting  of  fiberglass  or  composite  material  special  bottles. 
Unit  2  is  a  high-strength  steel  bottle,  and  Unit  3  is  an  economical  mild  steel  bottle. 

As  we  scan  the  weights  column  we  can  see  that  bottle  weight  increases  significantly 
and  that  there  is  an  important  effect  on  the  parachute  size  and  weight  as  well  as  on 
the  weight  of  the  fairing.  Most  other  items  are  substantially  unaffected.  The  gross 
weights  of  the  three  units  vary;  90  pounds  for  the  most  sophisticated  unit,  140  pounds 
for  the  high-strength  steel  bottle  unit,  and  266  pounds  for  the  most  economical  unit. 
The  remainder  of  the  tabulation  shows  a  variation  in  the  cost  per  unit  for  these 
three  units  with  quantities  of  10,  100,  and  1000.  It  can  be  seen  that  the  cost  is 
sensitive  to  bottle  selection  in  all  categories,  although  it  is  most  important  in  low 
quantities,  where  the  cost  of  $16,000  for  the  most  sophisticated  unit  can  be  compared 
with  $2,900  for  the  most  economical,  whereas  at  the  quantity  level  of  1000  units  the 
sophisticated  unit  costs  $3,480  compared  to  $1,414  for  the  most  economical  unit. 

Figure  16  may  be  used  to  estimate  balloon  size  and  device  weight  for  units  built 
around  high-strength  steel  bottles.  An  example  of  use  of  the  chart  is  traced  out  on  its 
face;  a  50  pound  payload  to  float  at  65,000  feet,  carried  by  a  rugged  balloon  equiva¬ 
lent  in  weight  to  1.5  mil  polyethylene  is  indicated  to  require  a  34-foot-diameter 
natural-shaped  balloon.  The  overall  device  weight  is  indicated  as  450  pounds. 

This,  then,  is  the  air-launched  balloon.  The  purpose  of  the  device  is  to  place 
scientific  or  military  payloads  at  a  desired  location  at  a  preselected  time  with 
the  maximum  independence  from  wind,  terrain,  or  enemy  control.  A  satisfactory 
technique  has  been  developed  and  substantial  experience  has  been  acquired.  System 
elements  such  as  timer,  explosive  valves,  releases,  fill  lines,  balloon-  and  payload- 
separation  devices  for  application  to  any  detailed  requirement  are  available. 

Figure  17  shows  a  proposed  design  freeing  the  payload  from  involvement  with  balloon 
and  parachute  and  thus  facilitating  payload  checkout  or  alternate  payload  substitution. 

2.  II  M  l  DON  I.  \l  V  HIM,  FROM  IIFI.H  OPTFMS 

If  the  distance  of  the  most  desirable  laur  ch  point  is  less  than  100  miles  from  a 
ground  operating  base  and  if  larger  payloads  are  required,  or  if  the  cost  of  the 
expended  air-launching  hardware  is  prohibitive,  helicopter  air  launching  may  have 
advantages  over  both  ground  launch  and  launching  from  airplanes. 
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Under  some  circumstances  it  may  be  very  desirable  to  be  able  to  launch  load¬ 
carrying  balloons  at  a  given  place  under  wind  conditions  that  make  ground  launching 
unreliable.  In  other  instances  it  is  desirable  to  launch  with  a  minimum  lapse  of 
time  between  choice  of  launch  point  and  launch. 

ielative  to  ground  launching,  the  following  advantages  appear  attainable  by 
helicopter  launching: 

1.  Elimination  of  dependence  on  wind. 

2.  Attainment  of  more  reliable  placement  on  course,  or  over  range. 

3.  Attainment  of  higher  launching  reliability  due  to  reduction  of  wind  force 
across  balloon  envelope. 

4.  Reduction  of  size  of  launching  crew. 

5.  Elimination  of  dependence  on  terrain  or  surface  roads. 

6.  Selection  of  launch  point  based  on  current  and  short  lead-time  forecasts. 

7.  Execution  of  over-water,  rough  terrain,  or  forest-area  launches. 

8.  Launches  where  ground  launch  would  leave  undesirable  evidence. 

While  these  same  desirable  features  accrue  to  airplane  launching,  helicopter- 

launching  has  the  further  advantage  that  very  little  equipment  is  expended,  so  that 
for  large  loads  it  will  prove  more  economical  than  launching  from  airplanes. 

A  preliminary  series  of  tests  to  evolve  the  technique  and  equipment  for  heli¬ 
copter  balloon  launching  has  been  carried  out  under  the  sponsorship  of  AFCRL. 

The  indications  from  these  tests  are  positive  in  that  a  number  of  successful 
launchings  were  carried  out. 

While  we  won't  win  an  Oscar  for  the  accompanying  film,  it  affords  an  easy 
way  of  explaining  the  most  successful  of  several  experimental  launching  techniques 
tried.  (Still  photographs  from  the  film  appear  in  this  paper  as  Figures  18  through 
24.) 

Film:  Helicopter  Launch  Sequence: 

Launching  sequence: 

1.  Package  consisting  of  the  balloon  and  payload  is  lowered  to  the  full 
extension  of  the  fill  line  using  a  winch  with  a  brake.  Helicopter  is 
flown  with  3  to  5  knots  of  forward  velocity. 

2.  The  balloon  package  cover  is  released  and  helium  from  the  bottle 
complex  in  the  helicopter  is  flowed  through  the  fill  line  to  inflate  the 
balloon. 

3.  Filling  is  nearly  complete  -  helicopter  still  at  3  to  5  knots  forward 
-fill  line  is  still  connected. 

4.  Filling  having  been  completed,  balloon  and  payload  are  released  from 
suspending  and  towing  fill  hose.  Load  swings  under  balloon  and  free- 
balloon  flight  begins. 
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The  rest  of  this  film  shows  an  actual  test  at  Ft.  Sill,  Oklahoma. 

This  balloon,  payload,  fill  line  arrangement  is  not  the  first  approach,  but  is  the 
end  point  of  an  evolutionary  process.  In  our  opinion,  this  is  the  way  to  accomplish  a 
balloon  launch  from  a  helicopter,  with  detailed  improvements,  of  course. 

The  winch  developed  for  this  project  is  seen  in  Figure  18.  Its  function  is  to  pay 
out  the  payload  and  balloon-carrying  fill  hose,  and  to  rewind  the  fill  hose  after  the 
balloon  and  payload  have  been  released.  Helium  gas  from  the  fill  bottles  in  the 
helicopter  pass  through  a  rotative  fitting  in  the  winch  and  through  the  400  feet  of  fill 
line  to  the  balloon. 

In  addition  to  giving  the  pilot  peace  of  mind,  the  400-foot  fill  line  also  allows  the 
balloon  to  fill  in  the  quiet  air  outside  of  the  helicopter  downwash  pattern. 

Figure  19  summarizes  the  technique  shown  in  the  moving  picture  sequence. 
Figure  20  shows  the  details  of  the  balloon  to  load  and  fill  line  arrangements.  Only 
three  tests  have  been  carried  out  with  this  configuration,  but  all  were  successful. 

The  method  is  thought  to  have  the  following  advantages: 

1.  Factory-packaged  balloon  is  never  thereafter  touched,  eliminating  han¬ 
dling  by  inexperienced  personnel,  and  balloon  handling  in  difficult  circum¬ 
stances.  This  should  make  for  good  reliability. 

2.  Balloon  buffeting  is  minimized  with  low-velocity  forward  tow. 

3.  Helicopter-piloting  problems  are  minimized  by  avoiding  a  hover  re¬ 
quirement  which  allows  easier  pilot  technique  and  usable  flight  instrument 
readings. 

4.  Since  the  balloon  does  not  store  on  or  feed  off  the  winch,  winch  size  is  a 
minimum  and  hose  level-winding  is  possible. 

5.  Balloon  at  end  of  line  supplies  aerodynamic  damping  forces  required  to 
minimize  any  whip  action. 

Equipment  for  helicopter  balloon  launches  consists  of: 

1.  Gas  storage  bottles  secured  within  the  helicopter. 

2.  Gas  manifolding,  valving,  and  plumbing. 

3.  Fill  hose  (400  feet  made  for  a  happy  helicopter  pilot).  Fill  hose  carries 
electrical  leads  lor  all  launching  functions. 

4.  Balloon  package  release  means. 

5.  Kill  hose  disconnect  means. 

6.  A  winch  storing  the  400-foot  fill  hose  in  the  helicopter  and  capable  of 
lowering  the  balloon  and  payload  on  the  fill  hose  and  capable  of  retracting 
the  fill  hose  after  balloon  release. 

To  show  the  size  of  payloads  which  may  be  launched  with  helicopter  equipment 
currently  in  the  inventory,  let  us  take  a  hypothetical  problem  of  helicopter  launching 
balloon  units  designed  to  carry  payloads  to  100,000  feet. 
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Figure  21  plots  balloon  payload  against  project  load  in  the  helicopter  compost'd 
of  the  following  item  weights 

1.  Payload 

2.  Balloon 

3.  Helium 

4.  Helium  Bottles 

5.  Winch 

6.  Balloon  crew  of  two. 

On  this  same  curve  the  payload  available  from  helicopters  with  approximately 
two  hours' duration  of  fuel  shows  that  the  HU-1  series.  Figure  22,  is  suitable  for 
launching  balloon  systems  with  100K  altitude  capability  and  payloads  up  to  200  pounds. 
The  CH47A,  Figure  23,  can  carry  a  project  load  of  6000  pounds,  theoretically  suf¬ 
ficient  for  1000  pound  payloads  to  100K  (  theoretically  ",  because  helicopter  cargo 
volume  has  not  been  studied  in  detail).  Hough  calculations  based  on  known  loads 
indicate  the  one  hundred  18-inch  spherical  fiberglass  bottles  can  be  accommodated 
in  the  cargo  space  of  the  CH47A. 

Figure  24  shows  the  start  of  a  launch  test  and  Figure  25  shows  a  balloon  after 
release  from  the  fill  line.  In  the  two  techniques  just  described  some  improvements 
in  the  balloon  system  as  a  vehicle  are  offered.  The  tools  are  available  for  your  use 
in  geophysical  research,  in  communications,  in  surveillance,  or  in  weaponry. 


Figure  1.  Launching  Unit  on  Fighter  Aircraft 
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Figure  2.  Balloon  Unit  is  Dropped  or  Ejected  from  the  Launching  Aircraft 
Which  May  Include  the  Latest  Types  of  High  Performance  Fighter  Airplanes 


Figure  3.  Drag  Par  achute  is  Deployed  to  Slow  the  Unit  and  Reduce  the  Main 
Canopy  Opening  Shock.  The  drag  parachute  is  then  released  and  deploys  the 
main  canopy 


!•  igure  4.  Main  Parachute  Opens  and  Quickly  Establishes  Stable  Descent. 
Payload  and  balloon  are  supported  on  top  of  main  canopy 


105 


Figure  5.  Balloon  Protective  Cover  is  Released  and  Balloon  Inflation 
Begins  Atop  Main  Parachute 


Figure  6.  Balloon  Inflation  is  Completed  and  Balloon  and  Payload  Separate 
From  Parachute 


Figure  7.  Completion  of  Inflation 


Figure  8.  Balloon  and  Payload  Ascend  to  Design  Altitude.  Parachute  and 
gas  bottle  descend. 
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Figure  10.  Series  #110  Unit  on  Navy  Fighter  Aircraft 


SOU  IB  ORf RATED  TAIL  MO  EJECTOR 
AND  DRAG  CHUTE  RELEASE 
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LAUNCHING  AND  STORAOC  CANISTER 


Figure  1 1 


Cross  Section  of  Series  #110  Unit 
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Figure  12.  Launching  Unit  After  Pirachute  Deployment 


Figure  13.  Parachute  and  Balloon  at  Separation 


Figure  16.  Payload  vs  Flotation  Altitude  for  Various  Diameters  of  Halloons  and 
Gross  Air  Launched  Package  Weights 


Figure  17.  A  Proposed  Design 


Figure  18.  Lowering  Winch  in  H-21  Helicopter 


Figure  19.  Deployment  Technique.. 


Figure  20.  Balloon,  Payload  and  Fill  Line  Arrangement 


Figure  25.  Balloon  After  Release  From  Fill  Line 
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X.  Ultra  Thin  Film  Balloons 

Dal*  W.  Cox,  Jr. 
S*o-Spoc*  Systems,  Inc. 
Torranc*,  California 


Achieving  float  altitudes  in  excess  of  150,000  feet  has  always  been  a  balloon 
performance  goal  at  Sea-Space  Systems.  To  realize  such  performance,  lightweight 
fabrics  are  mandatory.  Our  thin-film  philosophy  at  Sea- Space,  since  the  start  of 
the  Corporation  three  years  ago,  started  from  the  premise  that  1/ 2-mil  poly¬ 
ethylene  is  a  heavy- gauge  material.  Last  year  at  this  Symposium  some  eyebrows 
were  raised  when  Dewey  Sjtruble  announced  that  polyethylene  derivative  films  of 
1/7- mil  gauge  had  been  extruded  by  our  company.  Films  of  such  thin  gauges  are 
used  in  the  fabrication  of  SSS  composite  balloon  film  --  MERFAB.  This  year  we 
are  happy  to  report  that  further  improvements  have  been  made.  Using  special  ex¬ 
perimental  resins,  good  quality  films  have  been  extruded  with  a  gauge  of 
1/10  mil  (5  x  10  4  lb/ft .  Such  materials  are  part  of  a  program  leading  toward 
an  advanced  passive  satellite,  one  example  of  the  need  for  such  ultra- light- gauge 
films. 

For  balloon  applications,  Sea-Space  uses  these  lightweight  plastics  as  the  raw 
materials  to  fabricate  the  MERFAB  family  of  fiber-reinforced,  composite  poly¬ 
ethylene- derivative  balloon  films.  MERFAB  is  produced  in  widths  up  to  12  feet 
and  can  be  programmed  for  strength  to  40  lbs/inch.  The  strength  of  the  composite 
film  is  a  straightforward  manufacturing  problem  dependent  upon  the  type  of 
reinforcing  fibers  and  the  fiber  spacing.  With  such  lightweight  materials,  float 
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altitudes  in  excess  of  150,000  feet  are  a  definite  capability.  Figure  1  shows  a 

MERFAB  balloon  inflated  in  its  launcher.  With  balloons  capable  of  such  high  float 

altitudes,  many  scientific  experiments  waiting  to  hitchhike  on  somebody  else's 

rocket  launch,  or  which  are  being  shelved  because  of  the  high  costs  of  a  booster, 

can  be  executed  at  a  fraction  of  the  cost  of  a  rocket.  These  are  the  payloads  Sea- 

Space  Systems  is  interested  in  flying.  Recently  two  successful  MER  N  balloons  of 
6  3 

1.  25  X  10  ft  were  flown  by  Mr.  A1  Shipley  of  NCAR  from  Page,  Arizona.  Two 
launching  methods  were  used  for  these  balloons,  one  the  Sea- Space  approach  with 
a  covered  shroud  as  shown  in  Figure  1,  and  the  second  a  conventional  launch  with 
a  clutch. 


Figure  1.  MERFAB  1-1/2  Million-Cubic- Foot  Balloon  Inflated 
in  SSS  Launcher 


Both  of  these  two  flights  were  successful,  each  carrying  a  25-pound 
instrumentation  payload.  The  first  balloon  reached  an  estimated  150,000  feet, 
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the  precise  altitude  was  not  verified  due  to  instrumentation  problems.  1'he  float 

time  was  approximately  7  hours.  The  recent  \1EH  N  flight  launched  last  Thursday 

reached  an  altitude  in  excess  of  150,000  feet  verified  by  extrapolated  data  from  a 

hypsometer.  Flight  time  was  approximately  three  hours  when  the  balloon,  still 

at  float  altitude,  was  lost  both  optically  and  by  telemetry. 

Examining  these  balloons  in  greater  detail,  the  MLR  N  design  was  a  natural 
H  3 

shape,  1.25  X  10  ft  balloon  weighing  approximately  91  pounds.  Gore  length  was 

200  feet  and  maximum  diameter  was  138  feet.  Theoretical  altitude  with  a  25- pound 

payload  was  slightly  greater  than  150,000  feet.  Ry  way  of  comparison,  a 
6  3 

6  X  10  ft,  1/2  mil  conventional  PE  balloon  could  also  carry  25  pounds  to  150,000 
6  3 

feet,  or  a  9  X  10 °  ft  ,  3  4  mil  conventional  balloon  would  have  the  same  perform¬ 
ance  as  the  MEK  N  1.25  X  106  ft*  balloon. 

I  would  like  to  mention  one  unusual  fact  about  MERFAB  as  a  balloon  film, 
specifically  its  cold-brittleness  characteristics.  This  material  in  light  gauges 
has  been  tested  in  a  NASA  twistflex  machine  in  liquid  nitrogen.  After  300  severe 
twisting  and  flexing  cycles  at  -323*F,  when  the  tests  were  stopped,  the  material 
had  not  failed  and  showed  no  apparent  damage.  Tests  in  liquid  hydrogen  are  in 
process  by  NASA  at  present.  In  addition,  on  one  flight  a  MERFAB  balloon  ascended 
with  no  difficulty  through  a  -97°F  tropopause  with  a  wind  shear  of  approximately 
55  knots  in  7,  000  feet  of  altitude.  So  we  at  Sea-Space  feel  rather  confident  that 
MERFAB  balloons  do  not  have  any  cold-brittleness  problems. 

Over  the  past  several  years,  Mr.  Tom  Kelly  of  CRL  has  supported  the  devel¬ 
opment  of  MERFAB  and  is  presently  sponsoring  work  leading  to  the  next  generation 

(3  3 

of  large  MERFAB  balloons.  In  this  program  will  be  a  3.5  X  10J  ft‘  balloon  capable 

of  lofting  a  100-pound  payload  to  150,000  feet  or  a  35-pound  payload  to  154,000 

f)  3 

feet.  A  new  4.5  X  10  ’  ft  balloon  will  loft  a  25-pound  payload  to  an  altitude  of 
158,000  feet  or  a  pressure  less  than  1  mb.  Flight  testing  balloons  with  these 
capabilities  is  forecast. 

Two  subjects  that  always  come  up  about  balloons  are  the  cost  and  the  reliability. 
Of  the  large  (over  a  million  cubic  feet)  MERFAB  balloons  which  have  been  success¬ 
fully  launched,  two  out  of  the  three  achieved  their  performance  objective  and 
reached  150,  000-foot  altitude  with  the  specified  payload.  Further  reliability  data 
will  be  a  subject  of  keen  interest  to  us  all.  As  for  costs,  on  the  basis  of  carrying 
a  specified  payload  to  an  altitude  in  excess  of  135,000  feet,  a  MERFAB  balloon  is 
no  more  expensive  than  a  conventional  taped  polyethylene  balloon.  Asa  matter  of 
fact,  it  might  be  cheaper  when  you  put  the  cost  of  helium,  transportation,  and  so 
forth,  into  the  dollar  equation. 

I  would  now  like  to  show  you  two  MERFAB  balloon  flights,  one  sponsored  by 
Mr,  Vin  Lally  of  NCAR  and  the  other  by  Mr,  Henry  Demboski  of  the  Office  of  Naval 
Research.  (A  movie  of  MER  N  and  MER  P  launches  followed.  ) 
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In  addition  to  ground  launch  of  such  conventional- vented  balloon  systems  as  we 
saw  in  the  movie,  Sea-Space  has  air-launched  from  a  Cessna  195  airplane  a 
MERFAB  balloon  with  a  train  over  200  feet  long  as  a  part  of  an  SSS  research  effort. 
The  inflation  equipment  and  launch  technique  are  capable  of  the  air  launching  of  a 
number  of  kinds  of  balloons  as  well  as  rather  substantial  size  systems.  Other  type 
balloons  air  launched  with  this  unit  have  been  neoprene,  nylon  and  conventional 
polyethylene.  A  balloon  fabricated  with  Sea- Space's  new  composite  polypropylene 
balloon  film,  S-FAB,  was  also  designed  to  be  used  with  this  unit  and  has  been  flown 
several  times.  Figure  2  shows  »n  S-FAB  research  balloon.  Patent  applications 
covering  this  system  are  in  process. 


Figure  2.  S-FAB  Research  Balloon 


Dr.  Elliott,  our  neighbor  at  China  Lake,  has  covered  the  advances  in 
tethered-balloon  technology  at  NOTS.  Sea- Space  has  also  been  involved  in 


tethered-balloon  work,  and  is  very  much  interested  in  programs  of  this  nature.  As 
far  as  we  know,  Sea-Space  is  the  only  corporation  that  has  fabricated  and  success¬ 
fully  flown  a  tethered  instrumentation  balloon  in  a  nuclear  event.  The  balloon  lofted 
an  instrument  array  weighing  HOD  pounds  to  12U0  feet.  Our  recent  tethered-balloon 
work  has  been  associate  1  with  designing  lift  vehicles  for  long-term  tether  at  alti¬ 
tudes  of  100,000  feet  and  above.  Again  MKHFAB  gives  us  a  very  competitive  per¬ 
formance  advantage.  SSS  Fiberglass  SPACKCABLK,  developed  for  balloon  tethering, 
is  currently  being  used  on  spacecraft  being  prepared  for  earth-oi bital  launch  during 
the  next  year. 

In  conclusion,  the  balloon  industry  has  a  real  challenge  in  meeting  the  needs 
of  the  Space  Age.  Free  balloon  float  altitudes  in  excess  of  150,000  feet  will  allow 
scientists  to  gather  much  astrophysical  data  at  a  fraction  of  the  cost  of  a  rocket 
launch,  with  far  less  complexity  than  that  of  a  Cape  Kennedy  launch  operation,  and 
in  the  future,  it  is  hoped,  with  greater  reliability  than  with  any  satellite  systems. 
MERFAB  balloons  have  the  potential  of  lofting  significant  payloads  to  altitudes  in 
excess  of  160,000  feet.  MKHFAB  balloon  flights  to  date  have  demonstrated  their 
capability  ol  high-altitude  flight.  Hopefully,  this  capability  can  be  a  building  block 
in  the  science  of  hallooning  and  create  a  tool  useful  for  scientists  in  extending 
man's  knowledge  of  the  universe. 
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XI.  Heat  Transfer  Considerations  of  Instrumentation 

Packages  at  High  Altitudes* 

A.  Piacentini 
Lehigh  University 
Bethlehem,  Pennsylvania 

K.  Linden  falser 
Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 

D.  Dube 

The  B.  F.  Goodrich  Company 
Akron,  Ohio 


Abstract 


A  theoretical  method  for  designing  thermal  packages  used  to  house  instrumen¬ 
tation  carried  aloft  by  high  altitude  balloon  vehicles  was  developed.  Because  of  the 
odd  package  shapes  and  the  constantly  varying  boundary  conditions,  a  numerical 
method  of  analysis  was  employed  for  the  solution  of  the  heat  transfer  equations. 
This  approach  allows  the  consideration  of  all  pertinent  variables,  but  its  complex¬ 
ity  requires  a  large  number  of  computations.  Accordingly,  the  problem  was  pro¬ 
grammed  for  solution  on  a  high-speed  electronic  digital  computer.  The  computer 
program  was  initially  written  for  a  rectangular  parallel  package.  Temperature 
distributions  calculated  from  the  flight  simulation  program  were  compared  to 
temperature  distributions  measured  on  actual  balloon  flights.  It  was  concluded 
that  the  method  developed  is  a  reliable  one. 


*This  talk  was  based  on  material  contained  in  an  AFCR1,  in-house  report  to 
b<*  published  June  1965. 
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XII.  A  New  Material  Capability  for 

the  Balloon  Field 

R.  S.  Rost 

Goodyear  Aerospace  Corporation 
Alron,  Ohio 


Abstract 


It  is  quite  readily  recognized  and  understood  that  in  the  development  field, 
each  new  advance  in  hardware  is  closely  related  to  the  material  from  which  the 
component  is  fabricated.  As  improvements  in  materials  are  found,  even  further 
advances  in  performance  are  possible. 

This  has  been  particularly  true  in  the  balloon  field  where  material  improve¬ 
ments  have  resulted  in  new  gas  tightness  for  longer  endurance  flights  and  lighter 
weight  for  higher  altitude  capabilities.  The  material  development  to  be  discussed 
here  consists  of  a  means  for  obtaining  balloon  components  in  predetermined 
shapes  so  as  to  permit  relative  movement  between  the  balloon  and  the  surrounding 
air.  The  performance  improvement  could,  therefore,  be  in  stability,  drag  reduc¬ 
tion  or  increased  lift.  The  specific  application  will  determine  how  this  material 
can  best  be  used  and  the  amount  of  improvement  in  performance  that  can  be 
expected. 

Manufacturing  machinery  and  fabricating  techniques  are  now  being  evaluated 
that  will  permit  greater  rate  of  climb  for  free  balloons  and  increased  lift  and 
stability  for  tethered  balloons,  which  could  result  in  altitude  capabilities  above 
those  possible  by  static  lift  alone. 


PRECEDING  PAGE  BLANK 
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1.  INTROW  CTION 

In  engineering  circles,  it  is  common  knowledge  that  there  is  often  a  close  rela* 
tionship  between  advanced  developments  and  improvements  in  materials.  However, 
it  is  not  definitely  established  which  must  come  first,  the  new  material  that  ma<\es 
the  application  practical,  or  the  solution  to  the  problem,  which  necessitates  the 
development  of  better  material  properties.  In  any  event,  a  material  improvement 
always  opens  up  problem-solution  possibilities  whether  or  not  they  are  immediately 
apparent.  This  paper  discusses  a  new  fabrication  technique,  which  can  be  the  basis 
for  a  new  material  development.  A  few  possible  applications  for  such  a  material 
are  illustrated  as  a  stimulus  for  even  further  problem  solving. 

Originally,  the  machinery  to  be  discussed  here  was  developed  with  a  space 
application  in  mind.  This  material  was  to  encounter  high  loads  and  high  tempera¬ 
tures.  These  properties  are  not  needed  for  balloon  applications,  so  it  will  be 
important  to  understand  the  basic  fundamentals  of  the  material  construction  itself 
and  how  it  evolved.  This  paper,  therefore,  includes  the  development  of  the  basic 
material,  a  brief  description  of  possible  future  material,  and  a  few  examples  of  how 
these  materials  might  be  used  in  applications  fcr  increased  performance.  The 
engineer  dealing  in  advanced  developments  will  readily  see  the  potential  of  this  new 
technique. 


2.  BASIC  FUNDAMENTALS 

This  particular  paper  will  concentrate  on  pressurized  structures  since  they 
are  most  applicable  to  balloon  problems.  However,  rigidized  variations  of  the  tech¬ 
niques  are  also  possible.  Originally  the  balloon  designer  was  limited  to  using  shapes 
which  are  of  conventional  pressure- vessel  contour,  such  as  spheres,  spheroids 
(oblate  or  prolate),  ellipsoids,  toroids,  cylinders,  cones,  and  so  forth,  and  combina¬ 
tions  of  these.  In  order  to  simulate  a  flat  surface,  several  cylinders  were  joined 
together  making  a  multilobed  arrangement  containing  webs.  The  greater  the  number 
of  webs,  and  the  closer  the  spacing,  the  smaller  the  surface  lobes,  and  the  more 
nearly  a  flat  surface  was  simulated.  Figure  1  illustrates  pictorially  this  evolution 
of  the  cylinder  toward  a  flat  surface. 

A  number  of  years  ago,  a  material  called  Airmat  was  invented  which  permitted 
the  making  of  flat  panels  by  replacing  the  multiple  webs  described  above  by  a  great 
number  of  closely  spaced  'drop  threads"..  The  carpet  looms  on  which  this  material 
was  woven  were  modified  to  permit  increased  drop-thread  lengths  (3  inches  to 
24  inches)  and  even  variation  in  drop-thread  length  to  be  produced.  The  cloth  woven 
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Figure  1.  Expandable  Structural  Forms 


on  the  looms  was  covered  with  neoprene  to  make  it  gas-tight,  and  these  pressure 
vessels  became  some  of  the  world's  lightest  structures.  Airfoils  were  actually 
produced  and  in  the  mid-50's  complete  aircraft  called  Inflatoplanes  were  constructed 
and  flown.  Wing  weights  one-tenth  of  those  previously  possible  by  conventional 
construction  were  achieved.  Figure  2  shows  how  variations  in  drop-thread  length 
can  define  airfoil  contours. 


Figure  2.  Airfoil  Contours  Defined  by  Variations  in  Drop  Thread  Length 


The  modified  carpe»  looms  used  for  this  work  had  the  advantage  of  high-speed 
production  capability,  but  they  lacked  the  versatility  and  quality  control  required  for 
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aircraft  applications  envisioned.  Goodyear  Aerospace  Corporation  research  and 
development  programs,  therefore,  included  the  fabrication  of  a  special  pilot  loom  to 
permit  the  use  of  a  wide  variety  of  fibers  at  very  precise  weave  arrangements.  This 
loom  was  the  forerunner  of  the  giant  Air  Force  loom  just  completed.  This  latter 
piece  of  equipment  is  all  automatic,  numerically  controlled,  and  capable  of  making 
Airmat  shapes  large  enough  to  be  of  interest  to  the  balloon  industry.  When  the  pilot 
loom  shown  in  Figure  3  was  constructed,  it  was  the  largest  of  its  type,  being  capable 
of  weaving  basic  flat  panels  six  inches  thick  and  sixty  inches  wide  with  high  precision. 
This  piece  of  equipment  was  quite  versatile  and  many  of  the  fabrication  techniques 
developed  later  were  checked  out  on  it.  Figure  4  shows  the  larger  loom  developed 
by  GAC  for  the  Air  Force.  It  is  actually  17  feet  high,  80  feet  wide  and  125  feet  long 
and  is  capable  of  weaving  Airmat  in  widths  up  to  21  feet. 


Figure  3.  Pilot  Loom 


The  loom  is  so  large  it  must  be  housed  in  a  special  high-bay  area.  It  was  de¬ 
signed  to  be  able  to  make  giant  wings  for  space  booster  systems  capable  of  flying 
back  to  earth  through  the  high-heating  re-entry  corridors.  It,  therefore,  is  capable 
of  handling  high-temperature  metal  filaments  such  as  stainless  steel  or  Rene*  41,  as 
well  as  other  types  of  fibers.  Drop-thread  lengths  or  wing  thicknesses  of  eight  feet 
or  bigger  are  possible.  The  coatings  to  achieve  gas-tightness,  of  course,  are  then 
compatible  with  the  fibers  esed  and  the  environments  to  be  encountered. 


Figure  4.  Air  Force  Loom 


To  the  balloon  designer,  large  sizes  are  most  attractive  because  they  mean  large 
volumes  and  increased  static-lift  capability  from  the  gas  displacement  of  air.  Now 
that  Airmat  structures  of  giant  dimensions  are  possible,  it  is  worthwhile  to  review 
possible  applications  and  material  choices  to  see  if  balloon-performance  capabilities 
cannot  be  improved  through  the  use  of  new  materials. 


3.  APPLICATION 

Perhaps  the  first  place  to  look  for  a  possible  application  would  be  the  replace¬ 
ment  of  current  structures  using  the  web  and  lobe  construction  such  as  the  tails  of 
conventional  barrage  balloons  or  even  the  new  high-lift,  highly-stable  Vee-Balloon, 
shown  in  Figures  5  and  6  respectively.  Their  aerodynamic  performance  can  be 
improved  by  permitting  the  choice  of  good  airfoils  in  place  of  simulated  ones.  Even 
the  rigid  tail  surfaces  of  powered  airships  can  be  replaced  by  this  structural  tech¬ 
nique.  Studies  show  not  only  a  possible  weight  savings,  but  also  an  improvement  in 
safety  because  an  overload  on  a  pressurized  tail  surface  can  only  result  in  a  deflec¬ 
tion  and  not  a  failure.  (Current  airship  tail  surfaces  are  already  one  of  the  most 
efficient  aircraft  structures  ever  made  from  a  strength/ weight  standpoint,  so  meeting 
or  beating  this  value  is  definitely  a  step  forward.)  Figure  7  illustrates  the  largest 
nonrigid  airship  built.  It  had  a  volume  of  1,500,000  cubic  feet  and  used  tail  surfaces 
which  were  fabric-covered  metal  framework  that  is  typical  of  what  could  be  readily 
replaced  with  the  new  structural  material. 


Figure  5.  Conventional  Barrage  Balloon 


Figure  6.  Vee-Balloon 


Figure  7.  Nonrigid  Airship  with  Volume  of  1,500,000  Cubic  Feet 


In  an  attempt  to  determine  where  this  structure  might  be  employed  in  the  future 
for  applications  not  yet  in  existence,  one  might  first  examine  the  free  balloon.  It  is 
not  possible  to  improve  much  on  the  surface-to- volume  ratio  as  far  as  the  lifting 
gas  is  concerned.  However,  to  improve  the  rate-of-climb  of  a  free  balloon,  it  might 
be  advantageous  to  add  tails  for  stability,  and  permit  it  to  rise  as  a  pressurized 
streamlined  vehicle.  Figure  8  illustrates  graphically  the  size  relationship  between 
the  spherical  shape  and  a  streamlined  one  of  the  same  volume,  while  Figure  9 
represents  how  a  lobed  tail  could  be  replaced  by  a  streamlined  one  for  this  applica¬ 
tion. 


Figure  8.  Aerostats  of  Equal  Volumes 


Figure  9.  Streamlined  Tail  Replacing  Lobed  Tail 


This  approach  will  readily  permit  an  increase  in  rate-of-rise  of  4  to  1  for  the 
same  amount  of  excess  lift,  because  of  the  reduction  in  drag  of  the  new  shape  com¬ 
pared  to  a  spherical  pressure  vessel.  Obviously,  the  specific  speeds  and  vehicle 
contours  would  depend  upon  the  mission  configuration.  However,  preliminary  es¬ 
timates  of  typical  applications  do  not  show  10  and  15  percent  gains,  but  350  and  450 
percent  increases,  thus  warranting  further  investigation  regardless  of  the  accuracy 
of  detail  features. 

As  mentioned  earlier,  the  replacement  of  the  multilobe  control  surface  or 
stabilizer  of  tethered  balloon  tails  by  a  new  lightweight  Airmat  construction  would 
permit  better  streamlining.  This  would  not  only  result  in  improved  aerodynamic 
performance  from  increased  lift  and  reduced  drag  values,  but  it  would  also  improve 
the  structural  integrity  of  the  component,  minimizing  the  regions  of  high  stress,  by 
distributing  the  load-carrying  ability  more  effectively. 
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Because  of  the  size  potential  now  made  practical  by  the  giant  Airmat  loom,  it 
is  feasible  to  consider  the  extension  of  this  tail  construction  concept  to  lifting  sur¬ 
faces  beyond  the  tail  alone.  Applied  to  a  tethered  balloon  in  a  wind  or  to  a  powered 
free  balloon  such  as  an  airship,  the  increased  lift  possible  by  the  application  of  high- 
lift  surfaces  will  permit  operations  at  altitudes  not  possible  using  the  static  lift  of 
the  gas  alone.  The  effect  of  a  lifting  surface  or  increase  in  aspect  ratio  is  readily 
illustrated  by  the  large  difference  in  dynamic  lift  shown  by  the  Vee- Balloon  when 
compared  to  a  conventional  single  hull  shape. 

Studies  have  been  made  of  ways  lo  increase  the  payload  or  endurance  of  air¬ 
ships  by  means  of  the  multilobe  concept,  and  40%  improvement  is  readily  possible. 
This  same  lift  increase  can  be  employed  to  drive  an  airship  to  heights  greater  than 
that  attainable  by  static  lift  alone.  With  increase  in  span  and  aspect  ratio,  the  re¬ 
sulting  aerodynamic  performance  improvement  again  yields  even  higher  altitude 
capabilities.  In  Figure  10,  a  plot  of  altitude  vs  velocity  is  used  to  illustrate  quali¬ 
tatively  the  increases  possible  as  more  and  more  of  the  required  lift  is  handled 
dynamically  by  wing-type  surfaces.  In  the  past,  vehicles  for  achieving  these  heights 
had  to  be  of  multilobed  construction  (see  Figure  11)  since  great-depth  Airmat  was 
not  yet  feasible.  Now,  however,  machinery  large  enough  to  fabricate  giant  wings  is 
available  and  it  needs  only  to  be  employed.  The  configuration,  size,  power  source, 
range,  and  so  forth,  obviously  are  mission  determined.  But  now  new  tools  are 
available  for  vehicle  design  and  construction. 


4.  NEW  MtTERUL  POSSIBILITIES 

Using  the  simplified  formulas  of  Figure  12  it  is  possible  to  readily  determine 
the  magnitude  of  the  forces  and  material  weights  required  for  any  specific  applica¬ 
tion.  Although  these  do  not  take  into  account  secondary  loadings,  which  might  be 
critical  in  a  particular  instance,  at  least  an  indication  of  the  feasibility  of  utilizing 
the  Airmat  structural  technique  is  presented.  In  the  actual  construction  of  a  vehicle 
or  component,  such  additional  factors  as  deflection,  gas  permeability,  environmental 
effects  (humidity,  temperature,  ultraviolet  exposure,  and  so  on),  scuff  resistance, 
flexibility,  and  surface  contour  itself  will  be  considered. 

However,  in  order  to  obtain  some  idea  of  the  strength  and  weight  potentialities  of 
lightweight  Airmat,  perhaps  a  sample  calculation  will  illustrate  the  area  for  considera 
tion.  Assume,  for  instance,  that  an  Airmat  material  is  to  be  woven  with  top  and  bot¬ 
tom  surfaces  made  of  Dacron  and  weighing  l  oz/ square  yard  each.  Material  of  this 
weight  has  a  tensile  strength  of  approximately  30  to  40  pounds  per  inch.  Being  con¬ 
servative,  and  using  30  in  the  equation  given  in  Figure  12,  and  considering  a  section 
of  a  tail  surface  on  a  balloon  with  a  wing  loading  of  1  pound  per  square  foot,  and  a 


Figure  11.  High- Altitude  Aircraft-Multilobed  Construction 
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Figure  12.  Formulas  for  Determination  of  Magnitude  of  Forces  and 
Material  Weights  Required  for  Specific  Applications 
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section  span  of  25  feet,  with  a  wing  thickness  of  5  feet,  it  can  be  found  that  a  pressure 
of  only  about  4-1/2  inches  of  water  is  necessary  to  support  the  load  in  a  cantilever 
fashion.  (This  includes  a  safety  factor  of  3.) 

If  one  were  to  similarly  consider  a  wing  loading  of  10  pounds  per  square  foot 
for  the  airplane-type  vehicle,  a  unit  skin  weight  of  about  one-half  pound  per  square 
yard  would  be  required.  This  is  only  about  a  tenth  of  a  pound  per  square  foot  for 
total  wing  weight  -  far  below  that  possible  with  any  conventional  structural  technique. 
The  pressure  required  to  support  this  beam  would  be  about  1-3/4  psi,  again  a  very 
realistic  value. 

The  two  wing  loadings  examined  and  shown  to  be  practical,  above,  1  and  10  pounds 
per  square  foot,  are  extreme  enough  to  illustrate  the  great  potential  of  the  concept. 
Specific  mission  configurations  will  probably  fall  well  within  these  extremes. 

Materials  such  as  Dacron,  nylon  and  fiberglass  can  readily  be  considered  as  the 
strength-bearing  fibers  while  fibers  such  as  Mylar  or  even  thin  coatings  of  poly¬ 
urethane  might  be  used  as  the  gas-retention  barrier.  Seaming  techniques  and 
attachment  systems  now  employed  in  the  balloon  field  will  permit  the  assembly  of 
components  of  the  vehicle.  However,  the  important  fact  to  realize  here  is  that  the 
material  made  by  the  new  weaving  machinery  is  in  itself  an  assembly  of  surfaces 
predetermined  in  shape  and  strength  with  no  weight  penalty  for  the  fact  that  its 
strength  members  are  each  placed  so  that  they  are  being  loaded  optimally. 

Airmat  material  is  already  being  employed  in  a  great  number  of  applications 
where  its  packageability  features  are  used  to  advantage.  It  appears  that  this  fabri¬ 
cating  technique  can  now  be  considered  for  balloon  applications  where  ultra- lightweight 
Airmat  will  permit  the  construction  of  efficient  shapes  for  improved  aerodynamic 
performance. 
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XIII.  Application  of  a  Tethering  System 
to  a  Specific  Requirement 

Michael  S.  Kretow 
Holloman  Air  Force  Base 
New  Mexico 


It  is  hoped  that  before  the  end  of  1965,  an  assault  wil1  be  made  on  the  moon 
with  Surveyor,  a  squat  three-legged  derrick  of  piping  and  scientific  equipment 
being  built  by  Hughes  Aircraft  Company.  Conversations  about  Surveyor  usually 
begin  with,  "If  you  think  Ranger  was  tricky.  .  .  "  and  quickly  point  to  the  complex¬ 
ities  of  a  "soft  landing". 

The  Surveyor  fi  ght  plan  to  the  moon  calls  for  a  transit  time  of  60  hours.  It 
includes  firing  a  10,  000-pound-thrust  retro- rocket  to  slow  itself  down,  and 
delicately  throttling  three  small  vernier  engines  to  complete  braking  and  lock 
the  legs  in  a  down  position.  Surveyor  is  suppost  d  to  land  on  the  moon  with  no 
more  of  a  jolt  than  a  parachutist  feels  on  hitting  the  earth. 

Among  the  less  spectacular  phases  of  this  program,  yet  a  very  vital  and 
necessary  phase,  was  testing  the  impact  characteristics  of  this  vehicle.  This 
involved  retro- rocket  and  stabilization-hardware  performance.  So  that  a  moon 
environment  could  be  approximated  a  tethered  balloon  test  bed  was  considered  ; 
this  satisfied  the  basic  philosophy  which  was  to  have  a  short  drop  with  insufficient 
time  for  drag  to  build  up.  It  also  meant  the  balloon  had  to  be  precisely  positioned 
1200  feet  atyove  a  fixed  point  to  realize  maximum  optical  coverage  and  a  reasonable 
measure  of  safety  for  participating  personnel.  One  could  say  that  the  tethered 
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balloon  test  bed  provided  the  user  with  a  tower  having  no  structual  impediments 
or  with  a  hovering  helicopter  without  vibration  and  atmospheric  turbulence. 

These  Surveyor  tests  generated  some  rather  special  meteorological  require¬ 
ments.  Approximately  seven  hours  prior  to  drop,  a  layout  direction  for  the  drop 
must  be  provided,  so  that  the  winch- equipped  vehicles  can  be  positioned.  This 
direction  is  based  on  the  wind  flow  at  the  tethering  altitude  at  sunrise.  A  balloon- 
layout  direction  must  also  be  provided  for  the  initial  balloon  release. 

The  seven-hour  forecast  for  the  sunrise  direction  is  particularly  tricky, 
because  the  winds  are  generally  shifting  from  a  nighttime  to  a  daytime  flow. 

The  surface-temperature  inversion  must  also  be  carefully  monitored, 
because  a  strong  inversion  will  reduce  the  effective  free  lift  of  the  balloon.  Wind 
shear  just  above  the  inversion  may  sometimes  generate  an  especially  prohibitive 
barrier.  Pibals  are  released  at  the  launch  site  every  30  minutes,  in  order  to 
facilitate  forecasting  of  these  parameters. 

The  Balloon  R  &  D  Test  Branch  located  at  Holloman  AFB,  New  Mexico, 
currently  employs  a  rather  unique  method  for  providing  a  stable  and  accurately- 
positioned  platform  for  pre-flight  and  soft  landing  tests  of  the  NASA  Lunar  Sur¬ 
veyor  vehicle. 

In  order  to  achieve  the  aforementioned  stable  platform  and  to  allow  the 
Surveyor  vehicle  to  be  dropped  free  of  any  possible  entanglement  with  tethering 
lines  and  to  impact  within  50  feet  of  ground  zero,  three  winch-equipped  trucks 
are  employed.  The  tether  lines  form  a  triangle  and  are  secured  to  the  bottom  end 
fitting  of  a  balloon.  The  Surveyor  vehicle  is  suspended  beneath  an  open  parachute 
that  is  also  tied  to  the  same  bottom  end  fitting. 

After  the  Surveyor  vehicle  pre-flight  testing  has  been  completed,  the  balloon 
with  its  payload  is  ready  for  release  and  reel-up.  Following  inflation  and  release 
from  the  roller  arms,  the  balloon  is  restrained  through  the  use  of  an  explosive- 
type  release  device  at  the  end  of  a  crane  boom.  When  the  release  is  fired,  the 
balloon  rises  to  about  one  hundred  feet  and  is  then  restrained  by  the  three  tether 
lines.  At  this  time,  the  winch  operators  are  given  the  command  to  begin  reel-up. 

As  the  balloon  is  being  reeled-up,  the  problem  is  to  contain  the  balloon 
vertically  over  ground  zero;  this  is  accomplished  through  a  simple  but  precise 
positioning  system.  Two  20-powrr  telescopes  are  gimbal-mounted,  with  one  being 
located  on  a  base  line  which  goes  through  ground  zero  and  the  other  on  a  line 
perpendicular  to  it.  Electrical  resolvers  are  mounted  on  the  telescope  axis.  The 
telescopes  are  boresighted  to  ground  zero  for  reference  on  both  resolvers.  The 
resolver  output  is  fed  into  an  analog  computer  that  in  turn  drives  the  X  Y  pens  of 
a  plotting  board.  'I  he  X  data  are  also  presented  on  two  4-inch,  zero-centered 
meters  which  are  calibrated  in  ten- foot  increments. 
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One  meter  represents  East- West  deviation  from  ground  zero  while  the  other 
meter  represents  North-South  deviation  from  ground  zero.  The  Y  data  are  pre¬ 
sented  on  a  third  meter  which  also  reads  altitude  in  increments  of  10  feet. 

Using  this  means  of  determining  the  X  Y  position  of  the  test  vehicle,  the  only 
other  problem  remaining  is  that  of  conveying  the  information  to  the  winch  opera¬ 
tors.  Each  winch  truck  is  equipped  with  a  VHF/FM  radio-telephone  set.  The 
Field  Test  Director  observes  the  X  Y  meters  and  the  plotting  board  and  then 
directs  the  reeling  operation. 

Wit'1  experienced  crews  operating  the  winches,  it  has  been  found  that  about 
twenty  minutes  are  required  to  position  the  balloon  at  1200  feet  over  ground  zero. 
With  the  balloon  finally  positioned  the  operation  is  then  turned  over  to  the 
Surveyor  Test  Director  or  Project  Manager. 

After  the  vehicle  has  been  dropped  and  the  area  cleared,  the  balloon  is 
lowered  for  a  repeat  performance.  At  this  time,  the  up- wind  winch  truck  is 
driven  toward  ground  zero  until  its  tether  line  is  slack  enough  to  be  placed  in  a 
sheave  anchored  in  concrete  at  ground  zero.  After  the  truck  is  slowly  backed  to 
its  original  position,  the  reel-down  continues  until  the  balloon  and  its  train  can 
again  be  secured  to  the  crane  boom. 

In  summary,  the  balloon  tether  phase  of  Project  Surveyor  has  proved  to  be 
relatively  straightforward.  This  is  but  one  specific  requirement  which  was 
attacked  through  the  use  of  a  balloon  envelope  as  a  low  altitude  platform. 
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XIV.  Design  Considerations  for  Soft  Landing 

of  Balloon  Payloads 

J.  P.  Jackson 
Vitro  Loborotorits 
Division  of  Vitro  Corporation  of  America 
Silver  Spring,  Maryland 


I.  MKTIIODS  OK  KNKIHiV  ABSORPTION 

There  are  quite  a  number  of  techniques  for  absorbing  the  energy  of  a  payload's 
impact  with  the  earth  or  sea,  and  these  methods  can  be  grouped  into  the  five  follow¬ 
ing  classes: 

a.  Material  Deformation 

b.  Gas  Compression 

c.  Mass  Acceleration 

d.  Friction 

e.  Chemical  Energy 

The  differences  in  the  choice  of  techniques  within  these  classes  are  to  be  found 
chiefly  in  efficiency  (under  which  heading  I  will  include  weight,  cost,  or  whatever 
iactor  is  of  primary  concern  to  the  user)  and  in  that  technique's  applicability  to  the 
limiting  conditions  of  a  particular  case. 

For  example,  some  primary  considerations  in  the  selection  of  an  energy  ab¬ 
sorption  system  would  include: 

Required  energy  dissipation  capacity  (defined  as  foot-pounds  of  energy 
absorbed  per  pound  of  device) 
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Impact  velocity 

Deceleration,  maximum  and  average 

Deceleration  -  Onset  rate  (As  the  name  implies  this  is  simply  the  rate  at 
which  the  deceleration  builds  up  to  its  peak  value.  Fairly  limited  data  are 
available  on  the  limits  for  man  and  equipment  lor  this  factor,  but  it  should 
definitely  be  considered  in  manned  systems.) 

Mechanical  considerations 
Weight 

Size  and  Shape 
Stroke 
Stability 
Landing  terrain 
Orientation  of  landing 
Reliability 

Before  getting  into  the  specifics  of  ballooning,  I  would  like  to  briefly  cite  some 
examples  of  each  of  the  five  classes  of  energy-absorption  methods.  Probably  the 
most  familiar  to  all  of  us  are  the  Material-Deformation  Systems. 

From  Figure  1  we  can  see  that  the  chief  use  of  paper  honeycomb  lies  in  the 
lower  impact  velocity  range,  although  metal  honeycomb  can  extend  that  range  some¬ 
what.  One  of  the  difficulties  with  honeycomb  is  in  its  directional  properties,  about 
which  I  will  say  more  later. 

Figure  2  shows  another  example  of  a  material-deformation  device.  The  foamed 
plastics  and  balsa  wood  can  increase  both  the  velocity  range  and  the  capacity  of  this 
class  of  methods. 

The  primary  advantages  of  these  systems  are  that  they  are  simple,  very  reli¬ 
able,  and  require  no  complex  actuating  devices.  Not  to  be  ignored  is  the  fact  that 
they  are  also  relatively  inexpensive. 

Gas  bags,  depicted  in  Figure  3,  offer  the  designer  considerable  flexibility  in 
obtaining  specific  desired  values  of  deceleration  and  deceleration-onset  rate. 
Various  methods  can  be  used  to  control  the  gas  pressure  and  each  method  has  its 
own  advantages  and  disadvantages.  One  of  the  chief  disadvantages  of  gas  bags, 
however,  arises  from  this  very  flexibility.  Once  the  bag  has  been  designed  to 
satisfy  a  specified  set  of  conditions,  it  can  tolerate  very  little  deviation  from  those 
conditions  without  serious  effects.  At  present  gas  bags  are  relatively  expensive 
compared  to  material-deformation  devices,  and  they  too  suffer  from  directional 
properties. 

Under  the  heading  of  mass  acceleration  I  have  shown  in  Figure  4  aerial  snatch 
and  the  impact  spike.  Naturally,  an  indispensable  requirement  in  these  techniques 
is  auxiliary  equipment  in  a  proper  location,  or  a  prepared,  or  at  least  selected, 
landing  surface. 
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Figure  1.  Material-Deformation  System  Honeycomb 


Figure  2.  Material- Deformation  System  Foamed  Flahtic 
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Figure  3.  Gas  Compression 


Figure  4.  Aerial  Snatch,  Spike 
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In  the  technique  of  absorbing  energy  by  friction,  exemplified  in  Figure  5  by 
a  frangible  tube,  we  have  one  of  the  most  promising  developments  to  come  along 
in  some  time.  This  and  other  devices  using  similar  principles  offer  a  great  increase 
in  the  range  of  energy-absorption  capacity,  and  I  believe  we  will  be  seeing  more  and 
more  of  these  devices. 


Figui  °  5.  Frangible  Tube  System 


Naturally,  the  chief  advantages  to  the  Retro  Rocket  shown  in  Figure  6  arc  that 
deceleration  and  deceleration-onset  rate  can  be  maintained  at  relatively  low  values, 
and  the  length  of  stroke  is  not  a  problem,  as  it  is  in  all  of  the  other  systems  con¬ 
sidered.  Retro  rockets  do,  however,  require  careful  timing  and  thrust  control,  and 
they  are  comparatively  expensive. 

Now  for  ballooning.  For  reasons  of  cost,  reliability,  simplicity  and  availability 
the  majority  of  balloon  users  have  selected  material-deformation  devices.  In  view 
of  this  I  will  direct  the  remainder  of  nry  discussion  toward  this  method  of  energy 
absoi  ption. 
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Figure  6.  Retro  Rocket 

2.  PinsH  \i  I'kim  ipi.i  > m  mviihiu  -m  i  oiimviion  >v»ti m* 

It  has  been  shown  (and  I  am  sure  you  will  agree  upon  close  examination)  that  the 
Stress-Strain  curve  is  the  single  most  useful  device  for  examining  the  properties  of 
a  prospective  energy-absorbing  material.  If  you  will  now  refer  to  Figure  7  you  will 
note  that  the  "Ideal"  Stress-Strain  characteristic  implies  a  material  which  deforms 
at  constant  force,  to  zero  final  thickness.  This  "Ideal'  material  would  therefore 
subject  a  payload  to  a  constant  deceleration  and  would  possess  no  rebound  energy. 

It  also  has  an  infinite  deceleration-onset  rate  which  isn't  so  "ideal"  from  that  point 
of  view.  Hut  naturally,  the  Actual"  Stress -Strain  cm  ve  depicted  is  more  nearly 
the  type  encountered.  Now  using  a  typical  stress -strain  curve  for  paper  honeycomb 
as  shown  in  Figure  8  as  an  example,  I  would  like  to  point  out  significant  characteris¬ 
tics  for  the  designer  of  a  crash  pad.  The  use  of  any  given  material  depends  upon 
the  joint  selection  of  two  factors:  first,  the  "footpad"  area  of  the  device  which  will 
determine  the  peak  stress  to  be  encountered  (here  stress  in  its  classical  definition 
is  force  per  unit  area,  and  is  represented  by  S*  on  the  curve);  and  secondly,  the 
str  ain,  or  per  centage  deflection,  which  determines  the  total  energy  capable  of  being 
absorbed  in  that  deflection  (represented  by  £  ^  on  the  curve).  Most  designers  have 
found  that  tne  optimum  strain"  e  on  the  curve)  is  that  point  at  which  the  str  ess 
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IDEAL  AND  ACTUAL 
DYNAMIC  STRESS - 
STRAIN  CURVES 


Figure  7.  Ideal  and  Actual  Dynamic  Stress-Strain  Curves 


TYPICAL  STRESS -STRAIN 
CURVE  FOR  PAPER  HONEYCOMB 


Figure  8.  Typical  Stress-Strain  Curve  for  Paper  Honeycomb 
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again  equals  the  peak  stress  initially  encountered.  As  you  see  from  the  curve,  the 
rebound  energy  associated  with  the  selected  value  of  strain  can  also  be  determined 
by  computing  the  area  under  the  curve  between  the  point  of  maximum  strain,  and  the 
trailing  end  of  the  curve. 

Now,  still  referring  to  Figure  8,  let  us  consider  for  a  moment  the  efficiency  of 
our  pad.  Equation  (1)  defines  the  energy  absorbed  per  unit  volume.  Then  if  we 
define  100-percent  efficiency  as  represented  by  an  "Ideal'1  material  which  crushes 
at  constant  stress  (denoted  by  S  )  to  zero  final  thickness,  Eq.  (2)  defines  our 
"Thickness  Efficiency."  Some  authors  have  found  it  convenient  to  define  another 
term,  the  so-called  "Cushion  Factor"  of  a  material,  which  as  you  can  see  from 
Eq.  (3)  is  simply  the  reciprocal  of  "Thickness  Efficiency",  E^.  You  can  see  from 
the  equation  that  the  lower  the  value  of  Cushion  Factor,  the  lower  the  stress,  and 
therefore  the  softer  the  material. 

With  that  background  we  should  now  be  ready  to  design  a  crash  pad.  We  start 
with  the  parameters:  the  cushioning  material,  the  payload  weight,  the  peak 
allowable  acceleration,  and  the  expected  impact  velocity,  and  first  determine  the 
"footpad"  area.  Referring  to  Fij:>ur<  9  you  will  notice  that  the  area.  A,  the  peak 
stress,  S  ,  and  the  allowable  acceleration,  G,  may  all  be  varied  to  suit  the 
peculiarities  of  the  problem.  And  naturally  the  peak  stress  establishes  where  you 
will  have  to  work  on  the  stress  -  strain  curve.  Next,  we  determine  the  necessary 
thickness  of  the  pad  by  solving  the  basic-enerpy-conscrvation  equation,  where  the 
total  energy  absorbed  by  the  pad  is  equated  to  the  kinetic  energy  of  the  system  plus 
the  work  done  in  deforming  the  pad.  Solving  this  equation  for  the  thickness,  t,  gives 
the  equations  illustrated.  I  would  like  to  point  out  in  the  first  energy  equation  that 
if  the  equivalent  drop  height  associated  v-Rh  the  kinetic  energy  term  is  large  (say 
ten  times  as  large)  compared  to  the  distance  of  travel  associated  with  the  work 
term,  the  work  term  is  usually  ignored.  Also,  the  expression  for  thickness  of  an 
"Ideal"  pad  is  usable  if  your  stress-strain  curve  is  essentially  rectangular,  as 
most  curves  for  paper  honeycomb  are. 


3.  M ATKHI -U.-DKKORM  \TION  l)K\  ICES 

Consider,  now,  two  of  the  most  common  materials  used  for  crash  pads  by  the 
balloon  industry. 

Refer  to  Figure  10.  Probably  the  most  widely  used  material  is  paper  honey¬ 
comb.  It  can  be  purchased  in  a  variety  of  configuration,  it  has  a  respectable  looking 
stress-strain  curve  (high  efficiency  and  low  rebound),  it  is  reliable  and  mechanically 
simple  to  apply,  and  on  top  of  this  it  is  inexpensive.  It  does,  however,  possess 
certain  limitations,  for  example,  if  the  payload  oscillates  so  that  the  longitudinal 
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Figure  9.  Design  Formulas  Material-Deformation  Devices 
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Figure  10.  Paper  Honeycomb  Dynamic  Stress -Str air  Curves 
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axis  of  the  cells  is  misaligned  as  much  as  15  degrees  from  a  perfectly  vertical  im¬ 
pact,  the  honeycomb  may  lose  as  much  as  25  to  30  percent  of  its  energy- absorbing 
capability.  The  simple  "flat  circular  canopy"  parachute  has  an  advertised  oscilla¬ 
tion  of  up  to  >  25  degrees.  Another  disadvantage,  not  often  encountered  in  balloon¬ 
ing,  is  the  limited  energy-absorption  range  of  paper  honeycomb. 

Now  refer  to  Figure  11.  Another  material  sometimes  used  is  foamed  plastic. 
Here,  you  can  see.  Styrofoam  also  possesses  a  good-looking  stress-strain  curve  and 
has  most  of  the  same  mechanical  advantages  found  with  honeycomb.  I  would  rate  the 
plastics  slightly  higher  than  honeycomb  in  their  ability  to  accommodate  a  nonvertical 
landing,  and  you  can  usually  find  a  higher  range  of  energy-absorbing  capability  in 
plastics.  The  disadvantages  of  plastics  should  cause  you  to  examine  carefully  the 
rebound  energy  and  the  shear  strength  of  the  specific  material  being  considered. 

Also  some  plastics  allow  loss  of  their  contained  gas  after  long  exposure  to  a  hard 
vacuum  and  this  could  change  their  energy-absorbing  characteristics. 


Figure  11.  Dynamic  Stress-Strain  Curve  for  Styrofoam 


at 


Just  for  comparison,  refer  to  Figure  12,  which  shows  a  typical  stress-strain 
curve  for  AHiminum  honeycomb.  In  general,  within  a  comparable  range.  Aluminum 
offers  no  weight  saving  over  paper,  it  has  the  same  directional  limitations  for 
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orientation  at  impact,  and  is  more  expensive.  It  does  improve  the  energy-capacity 
range  somewhat,  however. 


Figure  12.  Dynamic  Stress -Strain  Curve  for  Aluminum  Honeycomb 


4.  STRATOSCOPK  II  CR  ASH  I*  Ml  SASTKM 

Stratoscope  II  is  at  least  one  case  where  the  mechanical  configuration  of  the 
payload  determined  in  large  measure  the  final  choice  and  design  of  the  crash  pad. 

Of  course,  weight  has  always  been  critical,  and  reliability  was  of  utmost  importance. 
I3y  referring  to  Figure  13  you  will  see  other  considerations.  First,  the  initial  impact 
should  be  borne  by  the  azimuth  frame  which  is  the  "backbone"  of  the  telescope. 

This  means  transferring  the  force  across  the  "knuckle'  about  which  the  telescope 
pivots.  The  pad  can  employ  no  shifting  rru  ss  which  might  upset  the  telescope's 
balance  about  this  knuckle.  A  fairly  low  G"  factor  of  two  or  three  was  specified. 

The  impact  velocity  might  vary  from  10  feet-per-second  with  a  controlled  valve, 
down  to  as  much  as  16  to  18  feet-per-second  with  the  emergency  parachutes. 

Landing  car  occur  in  the  presence  of  surface  winds  as  high  as  20  knots,  and  with  a 
variable  amount  of  residual  ballast. 
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Figure  13.  Stratoscope  II 


Material-deformation  devices  were  a  fairly  straightforward  choice  once  the 
advantages  and  disadvantages  of  the  other  classes  of  devices  were  considered.  We 
investigated  both  paper  honeycomb  and  several  plastics  and  chose  a  plastic  because 
the  hone.'  ?omb  seemed  to  offer  no  significant  weight  or  cost  advantage,  and  suffered 
from  the  ’imits  on  nonvertical  landings  described  before. 

The  Stratoscope  II  crash  pad  has  evolved  as  a  result  of  a  ser'es  of  changes  in 
the  payload  weight.  Initially  conceived  as  4500  pounds,  it  is  now  7300  pounds.  Our 
first  crash  pad  tested  was  made  of  Styrofoam  22,  and  the  test  results  showed  that 
this  material  required  a  footpad  area-to-thickness  ratio  somewhat  too  small  to 
accommodate  the  buckling  forces  associated  with  the  horizontal  wind  drift  to  be 
anticipated. 

In  our  search  for  a  plastic  which  would  give  us  an  acceptable  area-to-thickness 
ratio  as  well  as  the  low  peak  stress  desired,  it  was  decided  to  test  Armalite. 

This  material  is  one  of  a  variety  of  foamed  plastics  which  were  developed 
primarily  as  insulation  materials.  Tests  with  the  Armalite  were  encouraging,  so  a 
new  pad  was  designed  of  it,  incorporating  several  innovations  to  help  solve  the 
problem  of  nonvertical  landings.  An  idea  suggested  by  our  Program  Technical 
Director,  Dr.  Schwarzschild,  was  to  have  the  pad  carry  along  its  own  sliding  surface. 
In  this  way  we  hoped  to  absorb  by  friction  some  of  the  horizontal  component  of  the 
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impact  energy  while  giving  the  pad  time  to  absorb  the  vertical  component  before 
buckling.  Straps  were  placed  around  the  pad  to  assist  in  containing  any  chunks  of 
foam  which  might  break  off. 

Figure  14  shows  the  present  Stratoscope  II  Crash  Pad.  An  aluminum  sheet  is 
inserted  above  the  4-inch-thick  lower  pad  and  provides  the  sliding  surface  just 
mentioned.  The  lower  pad  is  held  on  by  relatively  weak  bungee  so  that  some  motion 
of  that  pad  is  permitted.  You  will  notice  the  center  of  the  foam  is  cored  out  to  give 
the  desired  footpad  area. 


Figure  14.  Stratoscope  11  Crash  Pad 


On  the  first  scientific  flight  an  8000-pound  load  was  landed  on  parachutes  at  an 
impact  velocity  of  about  16  feet -per-. second.  Horizontal  motion  was  negligible  and 
Figure  15  shows  the  pad  after  impact.  These  artists'  renditions,  by  the  way,  are 
based  on  the  reassembled  pieces  of  the  pad  after  impac  t.  The  initial  volume  of  this 
pad  is  about  16  feet'*.  The  acceleration  applied  to  the  telescope  was  calculated  in 
this  case  to  be  slightly  less  than  4  g's. 

On  the  second  scientific  flight  the  8000-pound  payload  was  controlled  to  a  land¬ 
ing  at  about  12  feet-per-second.  There  was  vei\  little  horizontal  motion  but  we 
landed  on  the  side  of  a  hill  and  in  1  igure  16  you  can  sec  tin1  uneven  compression. 
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The  initial  volume  was  again  16  feet  ,  and  acceleration  to  the  telescope  was  calcu¬ 
lated  here  to  be  slightly  less  than  three  g's. 

One  feature  I  would  like  to  point  out  is  the  deformation  of  the  metal  floor  of  the 
crash  pad.  This  is  by  design,  since  we  wanted  as  much  of  the  weight  of  the  pad  as 
possible  to  contribute  to  energy  absorption.  In  this  case  the  floor  absorbed  about 
half  as  much  energy  as  the  foam. 

In  closing  I  would  like  to  say  that  the  Stratoscope  II  Program  would  still  be 
receptive  to  other  materials  which  might  offer  advantages  over  Armalite,  and  we 
are  looking  with  interest  at  the  future  development  of  friction  devices. 
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XV.  Temperature  Measurements  from 

Floating  Balloons 

W.  C.  Wognor 

Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


The  main  problems  in  the  measurement  of  ambient  air  temperature  from 
floating  balloons  are  (1)  the  change  in  the  air  temperature  caused  by  heat  exchange 
with  the  balloon  system  and  (2)  the  hea*  exchange  of  the  sensor  with  the  air  and  the 
radiation  field. 

The  heat  exchange  of  the  balloon  system  with  the  air  is  dependent  oi  the  balloon 
dimensions,  balloon  movement,  the  balloon  mater  ial  and  the  radiation  field.  It  can 
change  the  temperature  field  considerably.  In  1- igure  1  is  show  n  a  scaled-down 
model  of  a  balloon  in  a  liquid  where  the  Grashoff  number  is  of  the  same  order  of 
magnitude  as  that  of  a  balloon  of  medium  size  at  high  altitude.  1'he  temperatur  e 
difference  between  the  balloon  and  the  ait  as  in  the  model  of  Figure  1  corresponds 
to  the  condition  of  a  mylar  balloon  at  night.  The  temperature  differences  for  poly¬ 
ethylene  balloons  are  usually  smaller  due  to  the  lower'  absorption  coefficient  of 
polyethylene  in  the  infrared  range.  The  balloon  wake  m  this  case  is  not  so  strong 
and  breaks  up  at  a  shorter  distance  from  the  balloon.  At  daytime  the  balloon  skin 
temperature  is  usually  somewhat  warmer  than  the  air-  temperature.  This  will 
affect  the  area  around  tin-  gondola  when  the  balloon  is  slowly  rising.  The  area 
around  tin  gondola  is  therefore  not  a  good  place  to  measur  e  the  air  temperature  and 
a  better  place  would  be  2  to  1  balloon  diameters  below  the  balloon.  The  wind  shear 
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Figure  1.  Wake  of  Balloon  Model 


is  very  often  strong  enough  to  carry  the  wake  from  the  vertical  line.  Because  the 
thickness  of  the  boundary  layer  increases  with  the  size  of  the  object,  one  should 
keep  the  dimensions  of  any  structure  near  the  place  of  measurement  as  small  as 
possible.  As  an  example,  Figure  2  shows  a  thermistor  holder  that  is  designed  to  be 
suspended  on  a  long,  thin  cable.  Acoustic  thermometers  have  usually  too  large 
dimensions  in  the  neighborhood  of  the  measuring  path  and  are  therefore  not  very 
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suitable  for  use  with  floating  balloons.  Radiative  temperature  measurements  are 
not  affected  by  the  balloon  wake,  but  expense,  weight,  and  power  consumption  of  the 
instrument  are,  up  to  now,  prohibitive.  In  addition,  the  field  of  view  is  quite  large 
at  high  altitudes.  For  these  reasons  immersion  sensors  have  been  used  nearly 
always  in  floating  balloon  projects. 

The  heat  exchange  of  the  sensor  with  the  air  and  the  radiation  field  is  described, 
for  a  bead  thermistor,  by  the  equation: 

h  S(T-Ta)  *  77d3/  2  (T-Ta  ♦  -^fL)  h  1  2 \l  2K-aJS  ♦  C  0  (1) 

Ti  h  w  q  dt 

w  M 

h  Heat  transfer  coefficient  for  bead 

h  Heat  transfer  coefficient  for  wire 

w 

T  Bead  temperature 

Ta  -  Air  temperature 
d  Lead  diameter 

A  Thermal  conductivity  of  the  wire 

S  Surface  of  bead 

S  Axial  cross  section  of  bead 

q 

C  Heat  capacity  ol  bead 

7  Radiation  intensity 
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nr  Effective  absorptivity  of  bead  surface 

K  Function  of  many  parameters  including  binding  post  temperature,  lead 

length,  air  pressure,  and  so  on. 

\KJ  off 

NB  •  K  -  1  for  A  <  •  31  77 -  and  length  >  0.5  cm. 

—  C  cm.  h  — 

t  =  Time  . 

The  first  term  describes  the  convective  heat  exchange  with  the  air,  the  second  term, 
the  heat  exchange  with  the  holding  wires;  the  third,  the  radiative  heat  exchange,  and 
the  last  term  is  caused  by  the  lag  of  the  sensor  because  of  its  heat  capacity.  For 
simplicity, the  terms  for  the  self-heating  by  the  measuring  current  and  the  aero¬ 
dynamic  heating  are  left  out.  If  Fq.  (1)  is  rearranged  to  solve  for  (T-Ta),  which 
represents  the  error  in  measuring  Ta,  then  it  is  clear  that  increase  of  the  3rd  and 
4th  terms  in  Eq.  (1)  means  increase  of  the  error  (T-Ta).  However,  increase  of  the 
coefficient  of  (T-Ta)  in  the  first  and  second  terms  in  Eq.  (1)  means  decrease  of 
error.  It  is  therefore  desirable  that  the  sensors  have  as  high  a  heat  transfer  co¬ 
efficient  as  possible.  The  fact  that  the  second  term  can  help  to  reduce  the  error, 
if  the  leads  are  not  too  short  (that  is,  K  >  0),  is  often  overlooked.  The  main  source 
of  error  is  the  radiation  descr  ibed  by  the  3rd  term  in  Eq.  (1).  This  term  is  written 
in  more  detail  in  the  following  expression: 


«sq  T  =  as  Sq  7s  +  or4  So  (1/2  T4  +  1/2  T^  -  T4)  • 

Order  of  magnitude  0.14  Watt  0  to  0.01  Watt  (2) 

2  2 
cm  cm 

Jr  -  Radiation  intensity  for  visible  range 

ag  =  Aosorptivity  for  Visible  range 

or.  =  Absorptivity  for  intra-red  range 

o  =  Stephan  Boltzmann  constant 

T^  -  Effective  black-body  radiation  temperature  of  environment  above  sensor 

T|  =  Effective  black-body  radiation  temperature  of  environment  below  sensor. 

The  first  term  of  Eq.  (2)  gives  the  absorption  from  the  visible  range  of  the  solar 

radiation,  the  rest  describes  the  infrared  heat  exchange.  Because  the  value  of  S  is 

about  4  times  larger  than  S  ,  the  second  term  on  the  right  side  of  the  equation  may 

b*  as  large  as  1  /  3  of  the  first  term  if  nr.  z  or. .  It  is  therefore  advisable  to  choose  a 
t  s  1 

coating  the  emissivity  of  which  is  small  in  the  visible  range  as  well  as  in  the  infrared 
range.  Aluminum  coating  has  a  nearly  uniform  emissivity  of  0.04  to  0.08  for  freshly 
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deposited  coatings.  This  will  deteriorate  with  time  when  exposed  to  air  and  much 
more  so  if  the  air  is  humid  and  dusty.  To  take  full  advantage  of  the  high  reflectivity 
of  the  aluminum  coating,  it  is  therefore  good  practice  to  keep  the  element  in  a 
sealed,  nitrogen-filled  container  until  shortly  before  the  launching. 

The  heat  transfer  is  dependent  on  the  ventilation  velocity  as  long  as  we  stay  in 
the  continuous  flow  region.  The  heat  transfer  coefficient  shown  in  Figure  3  for 
ventilated  and  unventilated  sensors  was  computed  for  the  temperatures  of  the  standard 
atmosphere.  The  effect  of  the  ventilation  decreases  with  decreasing  pressure  and 
can  be  neglected  below  1  mb  for  sensors  smaller  than  5-mil  diameter.  In  it./  con¬ 
siderations  that  follow,  the  ventilation  velocity  is  assumed  to  be  zero. 


Figure  3.  Heat  Transfer  Coefficient  of  Ventilated  and  Unventilated  Thermistor 
Bead  and  Wire  Thermometers 


In  Figure  4  are  shown  the  heat  transfer  coefficients  for  three  different  sizes  of 
bead  thermistors.  The  increase  of  the  heat  transfer  coefficient  with  decreasing  size 
is  obvious  from  the  curves.  Because  the  heat  absorption  from  the  radiative  field  is 
constant  per  unit  surface  area  the  radiation  error  will  decrease  with  increasing  heat 
transfer  coefficient.  The  time  constant  decreases  even  more  rapidly  with  bead  size 
as  may  be  seen  in  Figure  5.  Here  the  reciprocals  of  the  time  constant  for  the  same 
three  beads  are  plotted  versus  pressure. 
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In  Figure  6  are  plotted  the  heat  transfer  coefficients  of  three  different  wire 
sizes.  We  see  a  relationship  between  size  and  transfer  coefficient  similar  to  that 
for  bead  thermistors  but  not  so  pronounced.  Note  that  the  heat  transfer  coefficient 
decreases  rapidly  at  the  low-pressure  end  of  the  scale  as  the  wire  size  approaches 
the  mean  free  path  length  of  the  air  molecules. 


Figure  6.  Heat  Transfer  Coefficient  of  Thin  Wires 


In  the  following  discussion,  the  influence  of  the  heat  conducted  through  the  leads 
on  the  overall  heat  transfer  coefficient  will  be  considered.  Figure  7  shows  the  heat 
transfer  coefficient  for  the  5-  and  15-mil  bead  thermistor,  and  the  heat  transfer  for 
the  same  beads  where  the  heat  flux  into  the  wire  has  been  subtracted.  This  is  com¬ 
puted  with  the  assumption  that  the  length  of  the  leads  is  at  least  5  mm.  In  Figures 
8  and  9  are  shown  the  heat  transfer  coefficient  and  the  reciprocal  of  the  time  con¬ 
stant,  respectively,  for  a  15-mil  bead  with  4  leads,  and  with  2  leads.  The  lower 
curve  of  each  set  in  Figure  8  gives  the  heat  transfer  coefficient  for  the  bead  without 
leads  derived  from  the  upper  curve.  That  the  two  lower  curves  do  not  coincide  is 
probably  due  to  the  interference  of  the  leads  close  to  the  bead.  It  is  obvious  that 
the  4-lead  bead  has  a  better  heat  transfer  characteristic  and  a  shorter  time  con¬ 
stant  than  the  2-lead  bead. 
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Figure  7.  Heat  Transfer  Coefficient  for  5  Mil  and  15  Mil  Beads  with  Two 
1  Mil  Leads 
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Figure  8.  Heat  Transfer  Coefficient  of  4  Lead  Thermistor  Bead  vs  Pressure 


Figure  !).  Reciprocal  of  tile  Time  Constant  of  Thermistor  Read  with 
4  Leads  vs  Pressure 
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In  Figures  10  and  11  are  [dotted  the  heat  transfer  coefficients  and  reciprocals 
of  time  constants  respectively  of  two  different  beads,  where  the  leads  close  to  the 
bead  at  t  coated  with  silver  for  a  length  of  5  mm.  The  thickness  of  the  coat  is  chosen 
so  as  to  double  the  cross-sectional  area  of  the  lead  \\  i ’  *.  Because  of  the  high 
thermal  conductivity  of  silver  the  coated  portions  of  the  leads  have  practically  the 
same  temperature  as  the  bead.  This  increases  the  ellective  heat  transfer  area  and 
consequently  the  heat  tr  ansfer  coefficient  when  the  total  heat  transfer  is  related  to 
the  bead  sur  face  only.  Although  the  heat  capacity  is  int  reased  considerably  by  tin 
coating,  the  time  constant  of  the  coated  bead  is  shorter  than  that  ol  the  uncoated 
bead.  The  time  constant  of  the  5-mil  bead  with  coated  leads  approximates  that  ol  a 
1.5-mil  wire  thermometer.  Combining  the  advantage  of  the  4-lead  bead  and  the  high 
conduction  leads,  the  heat  transfer  coefficient  was  computed  for  a  5-mil  bead  with 
4  tungsten  wires  with  U.  7  mil  diameter  and  a  lead  length  of  5  mm  (Figure  12).  The 
heat  transfer  coefficient  was  again  computed  as  ll  the  heat  would  be  tr  ansferred 
through  the  bead  surface  only.  If  the  heat  transfer  is  divided,  instead,  by  the  com 
bined  sur  face  ol  bead  plus  leads,  the  resultant  beat  tr  ansfer  coefficient  is,  in  fact, 
better  than  that  of  a  1-mil  wire.  One  tan  expect  that  the  time  constant  will  also  be 
somewhat  better  than  that  ol  such  a  wire.  Further  inquiries  of  Victory  Kngireering, 
Inc  .  have  confir  rued  that  the  production  ol  such  b«  ads  seems  leasible  and  may  lead 
to  even  smaller  bead  sizes,  lire  larger  In  at  trunsler  coellicient  allows  also  a  lower 
measuring  current,  whic  h  is  also  impor  tant  lor  many  applications.  Ilu  impr  oved 
characteristics  of  the  4-lead  transler  wire  thermistor  mas  bring  highly  desirable 
improvements  in  applications  in  rat  'Osondes  and  dropsondcs. 
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Figure  10.  Meat  Transfer  Coefficient  of  Thermistor  Beads  with  Partially 
Silver  Coated  Leads  vs  Pressure 


Figure  11.  Reciprocal  of  the  Time  Constant  of  Thermistor  Beads  with  Silver 
Coated  Leads  vs  Pressure 
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Figure  12.  Heat  Transfer  Coefficient  of  5  Mil  Thermistor  Bead  with 
4  Tungsten  Wire  Leads  vs  Pressure 


To  summarize  our  experience  with  immersion  sensors  for  temperature 
measurements  from  floating  balloons,  some  figures  that  may  have  useful  applica¬ 
tions  are  assembled  in  the  table  of  Figure  13.  As  can  be  seen  from  the  tat  le  it  is 
not  difficult  to  achieve  an  accuracy  of  1°C  over  the  whole  altitude  range  of  balloon 
operations.  To  improve  the  over-all  accuracy  to  better  than  1/2°C  one  has  to  be 
very  careful,  especially  with  the  quality  of  the  coating  of  the  sensor  and  the  dimen¬ 
sions  of  the  holder.  In  any  case,  it  is  absolutely  necessary  to  mount  the  sensor  so 
that  it  is  out  of  the  balloon  wake  and  out  of  the  boundary  layer  of  any  structure. 
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Po»a  r  Limit 

St  1 f  Ht a  1 1 ng 

Pulaa  Pomar 
Limit 

1  i  . 2°C 

Maximum  Radia¬ 
tion  Error 
at  lOmb 

UN 

Accuracy  of 
Measuring 

Equ  1  pint  n  t 
=  .  2°C 

TharaUator  Ba  a  d 
0.15"  d 1 ama  ta  r 
Aljm.  coatad 

5  *  10‘8  watt 

2.4-10'3 

aatt  a ac 

0. 2«°C 

1 , 2  a ac 

1  part  in 

250 

The  rail  a  tor  3*  ad 
0.10"  d 1  air  tar 
Alua.cnatrd 

2.5*10''' 

1 • lo'5 

•  a  1 1  at c 

0. 22nC 

0.63  st  c 

1  part  in 

230 

Tharmlator  Da  a  d 
r.05"  dlaaatar 
Alum.  coatrd 

1 -10'8  tail 

2 , 5  *  1 0*  8 

•  a  1 1  st c 

0 . 1 1 °C 

0.22  aac 

1  part  in 

230 

Thar*  lator  Dad* 
0.05"  dlaaatar 

4  Tung. tan  laada 
A 1 u* .  coatad 

2 , 5  •  10*  *  tail 

2 . 5  *  1 0" 8 

•  a 1 1  ate 

0. 10°C 

0.15  aac 

1  part  In 

250 

Tharalitar  Rod 
0.10"  dlaaatar 
Aluia.  coatad 

5*10'5 

Ull 

Inch 

2 . 3°C 

6.5  aac 

1  part  lm 

250 

Tungatan  Wlra 
1.10*3"  dla«. 
Alum.  coatad 

7*10"9  aatt 
Inch 

0,22oC 

0.12  aac 

1  par  t  1  n 

2000 
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•  Coaputtd  Valuta 


Figure  13.  Temperature  Elements 
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XVI.  Balloon  Locating  System 

R.  J.  Cowit,  Jr. 
Air  Fore*  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


It  is  my  privilege  to  describe  briefly  a  balloon- locating  system  that  makes  use  of 
existing  navigational  aids.  For  years,  investigations  have  been  made  to  develop 
balloon-borne  navigational  devices  r>nd  systems.  These  investigations,  however, 
were  oriented  toward  a  system  that  would  pr  ovide  accurate  position  information  on 
a  globa.  basis.  Many  possibilities  have  existed  for  using  systems  of  limited  coverage 
but  the  utility  of  such  a  system  that  would  cover  the  continental  United  States,  where 
most  balloons  are  flown,  was  masked  by  the  more  ambitious  concept.  The  system 
that  appears  to  be  optimum  in  terms  of  economy,  accuracy  and  reliaDiiity  and  in 
compatibility  with  existing  balloon  equipment  is  VOR  (VHF  omnidirectional  range). 

As  you  know,  the  VOR  system  is  widely  used  by  all  types  of  commercial  and  mili¬ 
tary  aircraft  for  navigational  assistance  within  the  United  States  and  Canada.  More¬ 
over,  the  system  is  being  continuously  extended  and  improved.  With  slight  modifica¬ 
tion,  present  VOR  equipments  can  be  adapted  for  balloon  use  with  existing  Air  Force 
data-gathering  and  transmission  facilities.  The  existing  VOR  network  can  provide 
position  data  easily  interpreted  without  complex  data  reduction  methods,  and  provide 
consistent  accuracy  with  cover  age  superior  to  that  of  any  balloon- locating  system  in 
use  today.  The  approach  undertaken  by  Zenith  Radio  Corporation  and  AFCRL  has 
undergone  limited  flight  testing  on  both  balloons  and  aircraft  to  prove  the  feasibility 
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of  such  an  approach  and  to  study  some  of  the  basic  problems  concerned  with  system 
adaptation  to  high-altitude  balloon  work.  Breadboard  models  suitable  for  flight  test¬ 
ing  have  been  constructed  from  available  VOR  equipments  and  made  compatible  with 
proven  Air  Force  balloon-borne  high-frequency  command  receivers  and  data  trans¬ 
mitters.  Position  information  is  obtained  on  a  preset  schedule  or  by  command, 
using  a  modified  standard  certified  VHF  VOR  receiver  on  the  balloon  for  receiving 
bearings  from  VOR  ground  stations.  Bearing  information  obtained  by  the  receiver 
will  be  converted  to  Morse  code  letter  groups  for  retransmission  to  balloon  data 
control  and  tracking  stations.  The  accuracy  of  such  a  system  should  easily  be  five 
miles  or  better.  A  nominal  system  accuracy  of  one  degree  produces  an  error  of 
less  than  five  miles  at  a  distance  of  260  miles  from  a  VOR  station  The  first  VOR 
system  dates  back  to  1928  and  was  called  at  that  time  "Very  High  Frequency  Phase 
Comparison  Radio  Range".  The  initial  investigation  was  by  Bell  Telephone  Labora¬ 
tories.  The  Civil  Aeronautics  Administration  developed  our  present  VOR  system 
which  is  now  operated  and  controlled  by  FAA.  At  present,  there  are  approximately 
900  VOR  station;,  across  the  United  States,  as  shown  by  Figure  1,  operating  on  600 
channels  in  the  112-  to  118-megacycle  frequency  band.  New  stations  are  being 
added  periodically  and  constant  improvements  in  station  performance  are  being 
made  by  FAA  to  cope  with  the  modern  jet  air  age.  1  he  proposed  balloon  VOR  system 
is  composed  of  three  major  parts  as  indicated  by  Figure  2. 


Figure  1.  VOR  Station  Distribution  in  1965.  Source:  Short  Distance  Radio 
Navigation.  Prepared  by  U.  S.  Air  Coordinating  Committee 
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Figure  2.  VOR  Balloon  Locating  System 


1)  The  ground  VOR  transmitter 

2)  The  airborne  VOR  receive!  and  the  data  transmitter  which  is  almost  always 
present  in  balloon  instrumentation  systems. 

3)  Ground  data  monitoring  and  tracking  stations  -  in  our  case,  facilities  at 
Chico,  Holloman  and  potentially  all  FCC  monitoring  and  tracking  network 
stations. 

The  ground  VOR  transmitters  are  those  now  in  operation  by  FAA.  Our  studies 
show  that  by  utilizing  only  six  different  VOR  channels  or  frequencies  out  of  some 
600  available,  the  entire  United  States  can  be  adequately  covered  by  considering 
only  260  nautical-mile-range  circles  about  each  available  station  on  the  frequencies 
selected.  Figure  3  shows  the  very  small  area  not  fully  covered  by  three  possible 
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bearing  stations  using  six  frequencies  at  80,000  feet.  These  limited  coverage  areas 
can  provide  at  least  two  bearing  stations  which  would  still  be  sufficient  to  provide 
adequate  fix  information.  Figure  A  shows  possible  coverage  using  only  three  fre¬ 
quencies  at  80,000  fee*  based  upon  350  nautical-mile-range  circles.  The  radiation 
from  these  stations  is  a  vertical  cone  which  can  be  received  when  the  balloon-borne 
receiver  is  in  the  line-of-sight  with  the  VOR  transmitter.  Stations  are  separated  by 
a  sufficient  distance  and  radiation-controlled  to  minimize  any  interference  between 
vertical  cones.  This  interference  and  separation  distance  is  established  by  altitude 
and  transmitter  power  output.  Power  outputs  range  between  50  and  200  watts. 

Above  certain  altitudes  and  in  specific  areas  as  shown  by  Figure  5,  limited  confusion 
may  exist  on  some  channels  but  such  interference  is  easily  detected  and  the  resulting 
anomaly  will  be  discounted  by  the  receiver  and  a  new  channel  will  be  interrogated 
for  bearing  information.  The  airborne  VOR  system  shown  in  figure  6  resolves  the 
complex  radiated  signal  from  the  ground  VOR  station  into  a  signal  that  is  propor¬ 
tional  to  the  magnetic  bearing  from  the  airborne  unit  to  the  ground  station  relative 
to  magnetic  north.  The  transmission  principle  of  the  omnirange  is  based  on  the 
creation  of  a  phase  difference  between  two  radio  signals  as  shown  by  Figure  7.  One 
of  these  signals,  called  the  reference  phase,  is  omnidirectional  and  radiates  from 
the  station  in  a  circular  pattern. 


igure  4.  System  Coverage  of  U.S.A.  80  K  Feet,  350  N.  Miles,  Three  Frequencies 


1  igure  5.  C  onfusion  from  Co-Channel  Interference 
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Figure  6.  Balloon  Locating  System.  Block  Diagram 


The  phase  of  this  signal  is  constant  throughout  its  360  degrees  of  azimuth.  The 
other  signal,  caTed  the  variable  phase  is  transmitted  as  a  rotating  field.  This  signal 
pattern  rotates  uniformly  at  1800  KPM  which  causes  the  phase  of  the  signal  to  vary 
at  a  constant  rate.  Therefore,  there  is  a  different  phase  of  this  signal  at  each  sepa¬ 
rate  point  around  the  station.  Magnetic  north  is  used  as  the  baseline  for  measuring 
the  phase  relationship  between  the  reference  and  variable  signals.  The  two  signals 
are  aligned  so  that  at  magnetic  north  they  are  exactly  in  phase.  As  you  can  see  from 
Figure  7,  a  phase  difference  exists  at  any  other  point  of  azimuth  around  the  station. 
The  phase  difference  is  measured  electronically  by  the  VOK  receiver  thus  identifying 
its  position  in  azimuth  around  the  station.  Each  electrical  degree  of  phase  shift 
corresponds  to  a  geographical  degree  around  the  station.  The  phase  shift  or  bearing 
information  interpreted  by  the  receiver  drives  a  phase-sensitive  servo  system  which 
is  coupled  to  a  shaft-position  encoder.  Figure  8  shows  the  9-bit  Gray-code  disk  and 
Figure  9  shows  the  complete  encoder  and  servo  assembly.  The  encoder  is  used  to 
switch  a  codt  generating  network  of  basic  logic  circuits  to  produce  a  unique  combi¬ 
nation  of  Morse  code  letter  s  for  every  position  of  the  shaft  to  which  it  is  coupled. 
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Figure  7.  Signal  Phase  Angle  Relationship 


Resolution  of  this  encoder  is  t  0.7  degr  ee  with  a  total  of  512  three- letter  Morse 
code  combinations  available  for  d60  degrees  of  bearing  information.  The  Morse 
code  is  used  to  key  the  data  transmitter  which  relays  the  bearing  and  channel  infor¬ 
mation  to  the  ground- monitoring  station  via  HF  C'W  telemetry.  Provision  is  made 
in  the  output  circuit  of  the  bearing-code  generator  to  key  out  a  frequency-identifying 
code  or  iginating  in  the  r  eceiver-tuning  circuit  with  each  bear  ing  measurement.  A 
dictionary  containing  all  512  code  combinations  is  available  so  that  gr  ound- monitor  - 
ing  stations  can  obtain  immediate  bearing  information  merely  by  looking  up  the 
bearing  when  the  Morse  code  is  received.  By  using  standar  d  lTSAF  operational 
navigation  char  ts  and  knowing  the  frequency  channels  utilized  for  each  measurement, 
unskilled  pet  sonnel  can  accur  ately  plot  the  position  of  the  balloon  upon  receipt  of  the 
Morse  code  data  from  the  balloon. 

AFCRL  conducted  a  test  flight  of  the  basic  system  in  September  from  our 
C'luco,  California,  launching  facility  utilizing  a  mock-up  of  a  standard  military  VOR 
unit  adapted  for  balloon  work.  Figure  10  shows  the  instrument  r  ack  assembly  used 
for  a  first  balloon-borne  verification  test.  Figure  11  shows  the  block  diagram  of 
tin  instrument  i  at  k  and  Figure  12  shows  the  block  diagram  of  the  VOR  receiver. 
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Figure  8.  Shaft  Position  Fncoder  Code  Dis'c 

The  Chico  site  as  shown  in  Figure  13  was  selected  because  it  contains  fewer  VOR 
stations  and  these  stations  are  suitable  in  frequency  to  investigate  position 
accuracy  and  co-channel  inter  ference  at  high  altitudes.  All  data  from  this  flight 
were  recorded  photographically.  Figure  1J  shows  a  typical  bearing-indicator 
reading  as  recorded  photographically.  The  test  results  indicated  that  accuracy  was 
better  than  five  miles.  Figure  15  shows  a  typical  fix  obtained  from  bearings  received. 
No  co-channel  interference  was  observed  during  this  test.  A  more  sophisticated 
prototype  model  including  the  Morse-code- telemetry  feature  currently  under  de¬ 
velopment  at  Zenith  -  Chicago  will  be  test-flown  in  January  1965.  f  igure  16  shows 
the  VOK  bench  test  setup  for  the  prototype  equipment.  Figure  17  shows  the  all- 
transistorized  VOR  receivei  unit,  a  modified  Collins  51R-8.  Figure  18  shows  the 
bearing-encoder  servo  assembly  and  logic  cards  of  the  code  generator.  For  those 
interested  in  specific  project  details,  Mr.  Henry  Buschke,  project  leader  »t  Zenith, 
will  be  pleased  to  assist  me  in  answering  your  questions. 
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Figure  9.  Complete  Encoder  and  Servo  Assembly 
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Figure  10.  Instrument  Rack  Assembly 
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Figure  11.  Experimental  VOR  Balloon  Locating  System 
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Figure  12.  Typical  VOR  Receiver,  Block  Diagram 
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Figure  13.  Co-Channel  Interference  Test  Area 
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Figure  17.  All- Transistorized  VOR  Receiver  Umt 
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Figure  18.  Bearing- Encoder  Servo  Assembly  and  Logic  Cards  of  Code  Generator 
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XVII.  Two  New  Special-Purpose 
Meteorological  Balloons 


Eric  Nelson 
Kaysom  Corporation  of  America 
Paterson,  New  Jersey 

Moses  Shorenow 

U.  S.  Army  Electronic  Research  and  Development  Laboratory 

Fort  Monmouth,  New  Jersey 


The  need  has  long  existed  for  a  balloon  capable  of  reaching  high  altitudes 
during  the  tropical  night  and  also  during  the  arctic  winter.  The  atmospheric  condi¬ 
tions  in  these  two  locations  actually  present  two  different  problems  although  they 
may  both  be  classified  generally  as  being  in  the  low -temper ature  field.  As  can  be 
seen  from  the  temperature  profiles  show  n  in  Figure  1,  a  balloon  flown  in  the  Tern 
perate  Zone  is  released  at  a  relatively  warm  temperature  which  falls  as  the  balloon 
ascends  to  levels  in  the  order  of  -60°C  or  213°K,  although  temperatures  as  low  as 
-70JC  or  203"  K  are  encountered  fairly  frequently.  This  temperature  is  reached  at 
an  altitude  of  about  *40,000  feet  and  it  remains  fairly  constant  until  an  altitude  of 
close  to  70,000  feet  where  a  warming  trend  begins. 

During  the  tropical  night  the  balloon  is  normally  somewhat  warmer  at  release 
than  in  the  Temperate  Zone  but  the  ambient  temperature  fails  rapidly  to  about  -85°C 
or  188  K  at  approximately  50,000  feet.  This  is  usually  followed  immediately  by 
fairly  rapid  warming  and  the  temperature  at  100,000  feet  is  relatively  close  to  that 
at  the  same  altitude  in  the  Temperate  Zone. 
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Figure  1.  Standard  Atmosphere  Temperature  Profiles 


In  the  arctic  winter  the  balloon  is  about  -40°C  colder-  at  release  than  it  is  in  the 
Temperate  Zone  and  the  temperature  tails  relatively  slowly  until  a  temperature  in 
the  or  der  of  -55°C  is  encountered  at  approximately  30,000  feet.  The  atmosphere 
then  continues  to  cool  slowly  and  the  temperature  at  100,000  feet  is  about  -60°C. 

The  problem  in  developing  this  special-purpose  balloon,  therefore,  was  to 
design  a  compound  with  the  following  char  acteristics; 

1.  It  must  be  capable  of  being  cooled  to  a  temperature  of  -85°C  without  freezing 
and  becoming  brittle. 


2.  It  must  be  capable  of  continued  exposure  to  temperatures  in  the  oi  der  of 
•  60°C  without  becoming  leathery  and  losing  its  ability  to  stretch. 

3.  It  must  be  capable  of  being  handled  and  launched  at  the  ground  temperatures 
encountered  in  tropical  areas  in  the  daytime  as  well  as  at  night  since  this 
will  be  used  in  a  dual-purpose  balloon. 

4.  It  must  retain  sufficient  elongation  under  the  low  -  tempo*  ature  conditions 
outlined  to  produce  a  balloon  capable  of  ascending  to  100,000  feet. 

A  sei  les  of  compounds  was  evaluated  and  the  physical  characteristics, 
particularly  the  elongation,  were  determined  at  room  temper  ature  and  at  tempera¬ 
tures  down  to  - 8 5 0 C .  For  the  compound  selected,  the  elongation  under  various 
conditions  is  shown  in  Table  1.  It  can  be  seen  that  even  if  the  balloon  passes 
through  a  zone  where  the  temperature  is  as  low  as  -85~C  it  will  not  burst,  pr  oviding 
thal  it  is  not  expanded  to  an  extent  equivalent  to  a  linear  elongation  of  more  than 
300  percent.  Since  the  balioon  in  question  is  only  extended  to  an  equivalent  of 
200  percent  linear  elongation  at  the  altitude  at  which  suth  low  temperatures  are 
encountered,  it  will  successfully  pass  through  tins  cold  zone.  As  the  temperature 
subsequently  rises  it  will  regain  its  ability  to  reach  an  elongation  of  500  percent,  for 
this  reduction  in  elongation  with  temperature  is  a  reversible  phenomenon.  Hence, 
the  balloon  will  be  capable  of  reaching  the  same  altitude  in  the  Tropical  Zone  as  it 
does  in  the  Temperate  Zone. 


Table  l.  Low  Temperature  FAongation 


Test  Temp 
°C 

Exposure 

Time 

Elongation 

% 

+  20 

10  Mins 

805 

-70 

10  Mins 

480 

o 

r— 

* 

30  Mins 

520 

-75 

10  Mins 

440 

-75 

30  Mins 

470 

-80 

10  Mins 

330 

-80 

30  Mins 

400 

-85 

10  Mins 

330 

-85 

30  Mins 

410 

It  is  aiso  clear  that  prolonged  exposure  to  low  temperatures  does  not  cause  a 
progressive  reduction  in  elongation.  In  fact  in  every  case  the  elongation  recorded 


190 


after  maintaining  the  films  at  the  designated  temperature  for  thirty  minutes  is 
greater  than  that  recorded  after  maintaining  the  films  at  the  low  temperature  for 
only  ten  minutes.  We  presume  that  ten  minutes  is  not  long  enough  for  the  film  to  be 
completely  chilled  and  that  this  sets  up  uneven  stresses  when  the  film  is  stretched 
and  that  these  in  turn  result  in  premature  breaks.  Therefore,  balloons  flown  during 
the  arctic  night  can  also  be  expected  to  ascend  to  altitudes  equal  to  those  reached 
in  the  Temperate  Zone. 

The  validity  of  these  arguments  is  demonstrated  by  the  flight  performance 
obtained,  which  is  shown  in  Table  2.  In  all,  thirty-one  flights  were  successfully 
tracked  to  burst.  Six  of  these  were  made  at  Fort  Monmouth,  New  Jersey,  twelve 
were  made  at  Albrook  Air  Force  Base  in  the  Panama  Canal  Zone  and  thirteen  were 
made  at  Fort  Greeley,  Alaska.  The  first  three  flights  were  made  in  the  daytime 
and  the  remaining  twenty-eight  were  all  conducted  during  the  hours  of  darkness. 


Table  2.  Flight  Performance  Kaysam  100  ATG  Balloon 


f  •  _ _ — . .  . . . -1 

Flight 

No. 

Location 

Altitude 

Rate  of 

Rise 

Min 

Temp 

1 

Ft 

Monmouth 

113,000 

1048 

2 

Ft 

Monmouth 

100,500 

1077 

3 

Ft 

Monmouth 

113,100 

1075 

4 

Ft 

Monmouth 

113,386 

1072 

5 

Ft 

Mor  muth 

120,308 

1039 

6 

Ft 

Monmouth 

124,600 

1124 

7 

O 

Ft 

Monmouth 

102,200 

974 

-79°C 

O 

9 

Albrook  A  KB 

i  12,762 

933 

-79°C 

10 

Albrook  AFB 

1  16,110 

1023 

-79.5°C 

11 

Albrook  AFB 

101,100 

958 

-  81 .5°C 

12 

Albrook  AFB 

120,633 

987 

-78.8°C 

13 

Albrook  AFB 

109,850 

1000 

-  80.5° C 

14 

Albrook  AFB 

1  15,420 

1030 

-  7  9  0  C 

15 

Albrook  AFB 

108,770 

989 

-80  C 

16 

Albrook  AFB 

1 19,980 

1025 

-  7  8  °  C 

17 

Albrook  AFB 

122,475 

1033 

-  7  9  °  C 

18 

19 

Ft. 

Greeley 

1 10,278 

1090 

-60.3°C 

20 

Ft. 

Greeley 

1 14,380 

1139 

-  5  8 . 2  °  C 

21 

Ft 

Greeley 

95,072 

992 

-58.3°C 

22 

Ft 

Greeley 

109.373 

1090 

-70.9°C 

23 

Ft. 

Greeley 

101,322 

1072 

-  69.2°C 

24 

Ft 

Greeley 

1  15,1 18 

1083 

-63.5°C 

25 

Ft. 

Greeley 

107,812 

1010 

-63.7°C 

26 

Ft. 

Greeley 

109,321 

1069 

-  7  0 . 2  °  C 

27 

Ft. 

Greeley 

103,432 

1066 

-69.8°C 

28 

Ft. 

Greek  y 

109,245 

1042 

-68°C 

29 

Ft. 

Greeley 

98,543 

1043 

-69°C 

10 

Ft. 

Greeley 

102,992 

1058 

-68.4°C 

31 

Ft 

Greeley 

112,700 

1 109 

-66.7°C 

Of  the  thirty-one  flights  completed,  twenty-seven,  or  87  percent,  reached 
altitudes  in  excess  of  100,000  feet.  Eighty-three  and  one  half  percent  of  the  tropical 
flights  exceeded  the  100,000-foot  level  as  did  85  percent  of  the  arctic  flights.  Some 
of  the  Tropical  Zone  balloons  were  a  little  slow  in  ascending  but  in  general  it  is 
clear  that  a  balloon  capable  of  reaching  an  altitude  of  100,000  feet  by  day  or  by  night 
in  any  geogr  aphical  location  is  now  available.  Whenever  flights  in  the  Tropics  or  the 
Arctic  are  planned,  it  would  tie  wise  to  consider  this  balloon  which  will  provide 
performance  much  superior  to  that  obtained  from  the  ML- 537  balloon. 

A  need  has  also  existed  for  a  meteorologic al  balloon  capable  of  rapid  ascents 
to  100,000  feet  by  both  day  and  night.  Prior  to  the  development  of  the  balloon  to  In- 
described,  no  such  vehicle  was  available.  The*  ML-537  balloon  is  capable  of  reaching 
the  required  altitude,  but  it  has  an  ascension  rate  of  only  1,000  feet  per  minute. 

The  ML-5-41  balloon  rises  at  more  than  1,700  feet  per  minute  and,  furthermore,  it 
can  only  be  used  in  the  daytime.  The  fact  that  such  a  balloon  exists  might  suggest 
that  production  of  a  balloon  capable  of  reaching  100,000  feet  at  the  same  ascensional 
rate  was  a  simple  matter  of  extrapolation.  This,  however,  is  not  the  case,  and  a 
daytime  altitude  of  90,000  feet  appeared  to  be-  maximum  attainable  by  such  means. 

The  nighttime  altitude  w  as  much  low  <  i  ,  being  in  the  order  of  only  60,000  feet. 

The  use  of  streamlined,  nonexpanding  plastic  balloons  with  stabilizing  fins  has 
proved  impractical.  In  order  to  reach  an  altitude  of  100,000  feet  an  excessively 
large  balloon  and  consequently  very  large  volumes  of  hydrogen  are  re  quired.  In 
addition,  expert  rigging  and  alignment  of  the  fins  are  necessary  to  produce  the  sta¬ 
bility  essential  for  rapid  rates  of  ascent.  Balloons  of  this  type  have  be*  n  produced 
which  performed  satisfactorily  but  only  to  an  altitude  of  -40,000  feet. 

Large,  thick-w ailed  spherical  balloons  have  proved  to  be  erratic  m  per  for  rnancu 
and  although  a  balloon  can  be  designed  which  will  meet  the  requirements  set  forth, 
it  is  heavy  and  requires  a  very  high  free  lift.  This  again  results  in  the  need  tor 
excessive  amounts  of  hydr  ogen  or  helium. 

The  balloon  to  be  descr  ibed  involves  a  completely  new  concept  and  in  order  to 
understand  the  reasons  for  arriving  at  this  design  it  is  necessary  to  review  some  of 
the  earlier  theoretical  work  (Figure  2).  The  equation  of  motion  for  meteor  ological 
balloons  is  given  by  the  formula  L-I)  - 


where 


L  Free  Lift 
D  Drag 

V  Ascent  Velocity 


m  Mass  of  Equipment  and  Gas 


and 
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L  -  0  =  m  dr 


WHERE  L  -  FREE  LIFT 
0  =  DRAG 
m  =  TOTAL  MASS 
v  --  RATE  OF  ASCENT 
r  =  TIME 


Figure  2.  Equation  of  Motion  for  Meteorological  Balloons 


If  a  constant  drag  coefficient  is  assumed  then  the  balloon  will  accelerate  until  it 
breaks.  In  practice,  however,  the  drag  coefficient  is  constantly  changing  and  this 
fact  coupled  with  a  critical  Reynolds -Number  effect  leads  to  the  following  conclu¬ 
sions 

1.  A  streamlined  neoprene  balloon,  that  is,  a  spherical  balloon  to  which  a 
roughly  conical  tail  section  has  been  attached,  will  aci  eleratt  i  apidly  to  an 
altitude  of  about  50,000  feet.  It  then  shows  a  rapid  deceleration  ovei  the 

m  xt  10,000  feet  and  thereafter  accelerates  very  slowly. 

2.  Spherical  thick -w  ailed  balloons  designed  for  rapid  rate  of  ascent  also  accel¬ 
erate  rapidly  to  between  50,000  leet  and  60,000  ieet.  However,  almost  twict 
tin  lilt  is  required  to  produce  this  acceleration  as  is  necessary  with  a 
streamlined  balloon.  These  balloons  also  show  a  sharp  deceleration  at 
60,000  feet  oi  thereabouts. 

1.  Large  thin -walled  balloons  accelerate  throughout  the  flight  to  burst,  pro¬ 
vided  they  do  not  reach  the  critical  Reynolds  Number.  Their  rate  of  ascent 
is,  however,  much  slower  below  50,000  leet  than  is  the  case  for  either  ol  the 
othei  tw  o  balloons. 

Figure  1  shows  the  relationship  betw een  drag  i  oellicient  and  Reynolds  Number 
lor  theoretical  spherical  and  streamlined  balloons.  Balloons  generally  leave  the 
ground  as  at  the  extreme  right-hand  side  of  the  curve  and  follow  it  to  the  left  as  they 
ascend.  When  they  reach  the  state  near  1  >'  HT1  the  di  ag  coellicient  rises  sharply. 

If  the  balloon  is  sufficiently  large  and  its  ust  cut  rate  is  high  enough,  it  may  not 
reach  the  critical  number  and  will  continue  lo  accelerate  to  burst.  This  ellect  is 
more  pronounced  with  fast- rising  balloons  than  with  slower  1,000  loot  per  minute 
balloons  since  othei  atmospheric  parameters  can  cause  ascent  i  ate  changes  of  the 
same  magnitude  as  those  encountered  on  the  slower  rising  balloons. 

Since  a  meteorological  balloon  does  not  behave  as  a  perlect  sphere  or  peril  ct 
ellipsoid  due  to  deformation  and  distortion  encountered  during  flight,  the  theoretical 
equations  can  only  be  applied  in  general  terms.  Nevertheless,  tin  behavior  of 
ML-557  and  largei  spherical  balloons  and  that  ol  the  Ml, -a  ll  streamlined  balloon 
confirm  th°  above  theory. 
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Figure  d.  Drag  of  Rigid  Sphere  and  Kllipsoid 


It  appeared  to  us,  therefore,  that  in  ordei  to  construct  a  balloon  which  is  capat  li 
of  reaching  an  altitude  of  100,000  feet  at  1,700  Jeet  per  minute,  it  is  necessary  to 
combine  in  some  manner  the  characteristics  of  these  two  types  of  balloon.  In  othei 
words,  for  the  first  half  of  the  flight  the  balloon  should  be  of  the  streamlined  type 
and  for  the  second  part  of  the  flight  it  should  be  a  large,  thin-w  ailed  spher  ical 
balloon.  If  we  plot  the  rate  of  ascent  against  altitude  for  these  two  types  of  balloon 
we  get  the  results  shown  in  Figure  4.  The  uppei  graph  is  a  typic  al  plot  of  i  ate  of 
ascent  versus  altitude  for  a  thin- w  alled  spheric  al  high -altitude  balloon.  The  low  er 
graph  is  a  typical  plot  for  a  streamlined  balloon  of  the  ML- 541  ty p •  . 

Figure  5  shows  these  two  curves  super  imposed.  It  can  be  seen  that  at  60,000 
feet  both  types  of  balloon  have  the  same  rate  of  asc  ent  but  whereas  the1  streamlined 
balloon  is  decelerating,  the  spherical  balloon  is  accelerating.  If  a  combination  balloon 
could  be  fabricated  which  consisted  of  a  high  -  altitude  spherical  balloon  enclosed  in  a 
streamlined  balloon  and  the  s*ream'ined  balloon  could  burst  and  fall  away  at  about 
such  an  altitude,  then  the  spherical  high- altitude  balloon  will  acceler  ate  to  the  top 
of  the  flight.  The  graph  of  the  rate  of  ascent  versus  altitude  for  such  a  combination 
balloon  will  appear  as  in  higure  6.  Such  a  balloon  would  star  t  ou’  with  a  r  ate  of 
ascent  of  about  1,400  feet  per  minute  accelerating  to  2,500  feet  per  minute  (a  con¬ 
servative  figure)  at  about  50,000  feet. 
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Figure  4.  Ascent  Rate  vs  Altitude 
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Figure  5.  Combined  Ascent  Rates 
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Figure  3.  Actual  Ascent  Rate  of  Combination  Balloon 
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Between  50,000  feet  and  60,000  feet  the  streamlined  balloon  bursts  and  falls  away 
and  the  inner  spherical  balloon,  its  free  lift  having  been  increased  by  an  amount 
equal  to  the  weight  of  the  outer  streamlined- balloon  which  has  fallen  away,  will  now 
continue  to  accelerate  until  a  rate  of  as  high  as  2,000  feet  per  minute  is  attained  at 
100,000  feet.  The  overall  ascent  rate  for  such  a  combination  balloon  would  be  more 
than  1,700  feet  per  minute. 

It  was,  therefore,  necessary  to  design  two  components  (a)  an  inner  balloon 
capable  of  reaching  an  altitude  of  100,000  feet  by  day  or  night  when  flown  with  the 
necessary  lift  for  the  whole  assembly  and  (b)  an  outer  streamlined  balloon  capable 
of  fast  rate  of  ascent  to  60,000  feet.  It  is  important  that  this  balloon  does  not  sub¬ 
stantially  exceed  this  altitude  for  it  is  rapidly  decelerating  at  this  point  and  must  be 
jettisoned  so  that  the  inner  spherical  balloon  can  begin  to  accelerate. 

In  order  to  produce  the  necessary  lift  for  the  type  of  assembly  described,  it 
was  determined  that  a  total  lift  of  9,500  grams  would  have  to  be  employed.  This  is 
somewhat  greater  than  twice  the  lift  required  for  an  ML-564  balloon  to  reach 
120,000  feet  when  flown  with  a  total  lift  of  4,600  grams.  Hence,  this  120,000-foot 
balloon  when  flown  with  the  greater  lift  should  be  capable  of  reaching  an  altitude 
of  at  least  105,000  feet,  which  would  be  satisfactory.  The  inner  balloon  is 
essentially,  therefore,  an  ML-564  although  the  weight  was  slightly  increased  to 
provide  a  somewhat  thicker  film  and  a  more  rugged  balloon. 

The  outer  balloon  is  a  modified  ML-541  balloon.  This  balloon  is  normally 
flown  with  a  total  lift  of  5,950  grams  and  under  these  conditions  will  reach  an 
altitude  of  75,000  feet  or  better.  If  flown  with  a  total  lift  of  9,500  gra  s  this  balloon 
would  reach  an  altitude  of  about  65,000  feet,  which  is  higher  than  is  desirable.  The 
length  of  this  balloon  was,  therefore,  reduced  and  the  compound  was  modified  to 
yield  a  slightly  lower  br  eaking  elongation.  By  these  means  the  bursting  altitude  of 
the  outer  balloon  was  reduced  to  between  50,000  feet  and  60,000  feet.  Because  of 
the  lower  temperatures  of  the  outer  balloon  at  night  the  bursting  elevation  is  re¬ 
duced  to  about  40,000  feet,  and  this  results  in  somewhat  lower  over-all  ascent  rates. 

In  addition,  nighttime  rates  ol  ascent  are  generally  lower  than  daytime  rates  of 
ascent  for  the  same  volume  of  gas  for  all  balloons.  This  is  due  to  the  fact  that  solar 
radiation  increases  the  free  lift  of  a  balloon  in  the  daytime  by  raising  the  tempera¬ 
ture  of  the  gas  in  the  balloon  above  the  ambient  temperature.  The  temperature  of 
the  gas  in  the  balloon  can  be  as  much  as  40°C  warmer  than  the  air  outside  the 
balloon  from  50,000  feet  to  the  bursting  altitude.  At  night,  on  the  other  hand,  the 
gas  temperature  is  5°C  to  10°C  cooler  than  the  air  temperature.  The  balloon  at 
night,  therefore,  displaces  a  correspondingly  smaller  volume  of  air  and  has  a  lower 
free  lift  than  does  the  balloon  during  the  daytime. 
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In  order  to  test  the  feasibility  of  breaking  the  outer  balloon  without  damaging 
the  inner  balloon  a  comprehensive  series  of  tests  was  conducted  with  small  balloons 
in  the  factory.  Assemblies  consisting  of  three  balloons  of  different  sizes  were 
then  flown,  the  largest  balloon  being  on  the  inside  and  the  smallest  balloon  being 
on  the  outside.  It  was  clearly  demonstrated  that  the  outer  balloon  breaks  first,  then 
the  intermediate  balloon  ruptures  and  the  inner  balloon  continues  until  it  reaches 
the  normal  altitude  for  a  balloon  of  that  size  flown  with  the  amount  of  gas  used.  The 
slow  ascent  rate  of  this  type  of  assembly  during  the  early  part  of  the  flight  un¬ 
questionably  indicated  that  a  streamlined  outer  assembly  was  necessary  if  over-all 
ascent  rates  of  1,700  feet  per  minute  were  to  be  achieved. 

The  final  assembly  is  shown  diagrammatically  in  Figure  7.  In  order  to  provide 
for  easier  inflation  the  tail  is  attached  on  a  circle  which  i  parallel  to  the  circum¬ 
ference  which  passes  through  the  neck  of  the  head  balloon.  The  dotted  line  indicates 
the  high-altitude  spherical  balloon  folded  inside  the  streamlined  balloon. 

In  attempts  to  ensure  that  the  streamlined  balloon  with  the  tail  falls  away  at 
break  and  does  not  hang  below'  the  radiosonde  and  constitute  a  drag,  two  types  of 
release  device  were  investigated.  In  the  one  case  a  small  spherical  balloon, 
weighing  about  5  grams,  was  attached  in  the  train-line  between  the  tail  and  the 
radiosonde.  This  balloon  was  inflated  with  air  to  such  a  size  that  it  would  rupture 
at.  the  same  altitude  as  the  head  balloon.  This  would  allow  the  tail  and  any  of  the 
head  balloon  still  attached  to  it  to  fall  away. 

In  the  second  type,  a  system  of  hooks  which  is  illustrated  on  the  left  was  also 
tried  out.  As  long  as  the  tail  is  intact  and  is  carrying  the  weight  of  the  radiosonde, 
the  hook  and  eye  remain  engaged.  As  soon  as  the  outer  balloon  breaks  and  the  load 
is  transferred  to  the  line  attached  to  the  inner  balloon  the  hook  and  eye  will  dis¬ 
engage  allowing  the  tail  section  to  fall  clear. 

A  series  of  flights  was  conducted  using  both  types  of  separation  unit  and 
comparing  them  with  assemblies  which  contained  no  such  device.  There  was 
apparently  nothing  to  be  gained  by  the  use  of  either  of  these  attachments.  It  can, 
therefore,  be  assumed  that  the  streamlined  balloon  is  shattering  into  a  number  of 
small  pieces  and  that  very  little  remains  attached  to  the  inner  balloon  during  the 
remainder  of  the  flight. 

In  order  to  eliminate  the  possibility  of  the  two  train-lines  becoming  entangled 
and  preventing  separation  of  the  two  balloons,  the  long  slack  string  to  the  radiosonde 
was  replaced  by  a  shorter  line  which  was  attached  to  the  other  train- line  just 
below  the  neck  of  the  tail  balloon. 

The  present  model  is  illustrated  in  F  igure  8  with  the  rigging  in  place.  The  in¬ 
strument  train  is  attached  to  the  tail,  using  at  least  75  feet  of  cord.  The  line  running 
from  the  neck  of  the  inner  balloon  to  the  tail  is  of  sufficient  length  to  ensure  that  it 
will  not  be  in  tight  contact  with  the  outer  balloon  at  60,000  feet. 
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After  the  outer  balloon  assembly  breaks  in  flight,  the  load  is  taken  up  by  the 
inner  balloon  and  the  appearance  now  is  as  shown  in  Figure  9.  The  outer  balloon 
has  shattered  and  the  bulk  has  fallen  away  and  all  that  remains  are  the  two  neck 
sections,  one  of  which  is  still  attached  to  the  neck  of  the  inner  balloon  and  the  other 
to  the  train-line  between  the  balloon  and  the  radiosonde  and  much  closer  to  the 
balloon. 
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Figure  8.  Combination  Balloon  at  Release 


This  type  of  balloon  reaches  altitudes  of  100,000  feet  by  day  and  by  mght.  In  the 
daytime  it  will  rise  at  over  1,700  feet  per  minute  with  the  majority  of  the  ascent 
rate  being  more  than  1,800  feet  per  minute  and  occasionally  as  high  as  2,000  feet 
per  minute.  At  night  the  balloons  ascend  at  more  than  1,600  feet  per  minute  with 
approximately  half  the  flights  exceeding  1,700  feet  per  minute.  The  present 
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Figure  9.  Combination  Balloon  Second  Stage 


reliability  level  is  close  to  80  percent  and  work  is  being  continued  to  raise  this  to 
over  80  percent  and  to  increase  the  nighttime  ascent  rate  to  1,700  feet  per  minute. 

To  summarize,  it  may  be  said  that  two  new  balloon  vehicles  are  now  available. 
One  of  these,  which  is  identified  by  Kaysam  as  the  100ATG  balloon,  will  reach 
altitudes  of  100,000  feet  at  1,000  feet  per  minute  in  any  geographical  location  by  day 
or  by  night.  This  balloon  will  permit  reliable  high-altitude  soundings  during  the 
tropical  night  and  the  arctic  winter  for  the  first  time. 

The  other,  which  is  identified  by  Kaysam  as  the  100GF  balloon,  is  capable  of 
reaching  altitudes  of  100,000  feet  at  1,700  feet  per  minute  during  the  daytime  and 
1,600  feet  per  minute  at  night.  The  advantages  associated  with  the  rapid  rate  of 
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ascent  are  obvious.  The  over-all  time  for  making  a  sounding  to  100,000  feet  is 
reduced  by  about  30  minutes  thus  providing  the  required  information  that  much 
soot  er  In  addition,  the  lateral  drift  is  reduced  and  the  observations  are  obtained 
much  closer  to  the  launch  site.  The  possibilities  of  losing  a  balloon  because  of  a 
low  elevation  angle  are  also  lessened. 

The  100ATG  balloon  requires  a  total  lift  of  4,200  grams  when  carrying  a 
standard  radiosonde  and  the  100GF  balloon  performs  best  when  flown  with  a  total 
lift  of  9,500  grams.  Both  balloons  can  be  inflated  in  conventional  shelters  and 
neither  balloon  presents  any  unusual  ,  roblems  as  far  as  handling  and  launching 
are  concerned. 
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XVIII.  Superpressure  Balloon  Flights  from  Japan 

Vincent  E.  Lolly 
National  Ctntor  for  Atmospheric  Rosoorch 
Boulder,  Colorado 


There  has  been  much  conversation  about  superpressure  balloons  for  the  last 
ten  years  but  there  have  been  very  few  flights.  The  only  really  outstanding  flights 
have  been  performed  by  the  Air  Force  Cambridge  Research  Laboratories,  and 
these  were  with  very  large  superpressure  balloons,  starting  with  34-footers  and 
moving  up  now  to  over  100  feet.  One  of  the  problems,  of  course,  with  these 
wonderful  balloons  is  that  Lou  Grass  here  at  Cambridge  now  has  a  marvelous 
balloon  that  will  fly  for  some  unknown  long  period  but  Ivxs  no  place  to  go.  Our 
objective  in  going  to  Japan  was  to  provide  a  little  bit  of  room  for  ourselves  to  fly 
some  very  small  superpressure  balloons.  The  problem  of  flight  with  the  super¬ 
pressure  balloon  is  a  little  more  severe  with  small  balloons  than  with  large  ones. 
We  have  more  film  area  for  a  given  volume,  and  flying  at  low  altitudes  increases 
the  overpressure.  Both  of  these  effects  mean  that  the  problem  of  leakage  in  a 
balloon  goes  up  inversely  as  the  square  of  the  diameter  of  the  balloon:  a  10-foot 
balloon  would  have  about  one-tenth  the  life  of  a  34-foot  balloon,  if  both  were  made 
equally  poorly. 

We  have  made  some  tests  in  the  United  States  on  small  balloons,  and,  of 
course,  we  ran  out  of  grass.  We  moved  to  Japan  to  get  a  reasonably  long  fetch. 
Our  second  reason  for  flight  from  Japan  was  to  test  the  navigating  system  which 
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we  could  use  for  a  much  more  ambitious  test  planned  for  next  year.  This  navigat¬ 
ing  system  was  a  very  simple  device.  It  consisted  of  a  little  bit  of  anodized  alu¬ 
minum,  about  one  inch  in  diameter,  with  a  thermistor  pasted  on  the  back.  The 
thermistor  was  the  controlling  element  in  a  resistance- controlled  oscillator  which 
was  basically  a  clock  which  we  used  to  generate  a  Morse  code  letter.  Through 
use  of  a  diode  matrix  we  came  out  with  any  one  of  a  number  of  simple  codes. 

With  a  stop  watch  we  could  count  how  many  "k's"  the  system  was  transmitting; 
in  a  minute,  look  it  up  against  a  calibration  chart;  find  out  what  the  resistance  of 
the  thermistor  was;  from  this  determine  the  temperature  of  the  disc;  and  then 
determine  sun  angle.  In  the  final  flight  program  we  used  an  empirical  calibra¬ 
tion  system.  Mr.  Solot  would  tell  us  on  the  first  day  of  the  flight  where  our 
balloon  was  located.  From  these  location  points  we  would  deduce  the  sun  angle 
during  the  day  and  then  use  these  angles  as  the  actual  calibration  for  the  first  day. 
Then  for  all  future  days  we  could  use  the  same  calibration.  With  a  knowledge  of 
sun  angle  at  any  time  we  have  a  line  of  position  on  the  globe.  With  two  sun  angles 
which  are  spread  apart  by  any  reasonable  period  of  time,  we  have  something 
approaching  a  fix.  We  used  15.025  me  for  our  transmission,  with  the  compliments 
of  the  Office  of  Naval  Research.  The  frequency  is  only  usable  in  daytime,  but  on 
this  system  we  had  no  batteries;  we  had  only  solar  cells,  so  that  we  could  operate 
only  during  dayUme  hours.  Our  maximum  output  was  approximately  one  watt 
in  a  simple  center-fed  antenna.  The  mass  of  the  system  was  about  200  grams, 
most  of  this  being  styrofoam.  We  did  carry  in  addition  a  timer,  a  cut- down 
timer,  since  we  considered  it  unwise  to  fly  into  Europe.  We  set  this  from  6  to 
10  days.  The  timer  itself  was  a  simple  escapement  from  which  we  removed  the 
spring  and  put  on  many  turns  of  string  (if  we  wanted  a  300-hour  flight,  we  could 
put  300  turns  of  string  on).  The  escapement  then  moved  away  from  the  balloon 
system  until  all  the  string  was  gone  and  it  fell  ofl.  The  balloon  then  was  too 
heavily  overpressured  and  burst.  These,  by  the  way,  were  nine-foot  balloons 
flying  at  200  mb.  The  balloon  itself  weighed  2,  000  grams. 

The  first  objective  on  this  trip  was  to  try  a  cooperative  international  program. 
That  was  the  first  step  toward  our  eventual  international  GHOST  system.  And  it 
did  work.  It  was  a  joint  Japanese- American  project.  We  had  some  difficulties 
although  our  sponsor  was  the  Chief  of  the  Japanese  Meteorological  Service.  It 
turned  out  he  was  quite  powerless  to  help  us  move  our  helium  into  Japan.  The 
Japanese  word  for  cylinder  is  "bomba"  so  these  were  helium  bombas,  and  they  are 
a  little  bit  more  dangerous  than  hydrogen  bombas.  It  took  us  some  three  weeks  to 
convince  the  authorities  in  Japan  that  these  were  not  some  desperate  military 
weapons.  We  did  use  hydrogen  on  our  first  flights  and  eventually  switched  over 
to  helium. 
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The  second  objective  --to  test  the  navigator  system  --  was  from  our  point  of 
view  wonderfully  successful.  We  need  this  tracking  system  until  we  have  a  satel¬ 
lite  to  work  with  our  balloon  system.  On  all  of  the  launches  we  released  from  a 
town  north  of  Tokyo.  One  of  our  men,  who  knew  when  we  were  going  to  launch, 
was  in  Honolulu.  In  every  case,  in  the  thirteen  flights  that  went  up,  he  picked  up 
our  transmission  immediately.  On  one  of  the  flights  we  were  picked  up  simulta¬ 
neously  from  our  own  receiver  in  Japan,  from  Honolulu,  and  from  an  amateur  who 
was  helping  us  out  in  Milford,  Massachusetts  --  all  of  this  with  a  power  supply 
that  weighed  15  grams  with  something  approaching  an  infinite  life.  We  are  now 
convinced  that  we  can  operate  test  programs  utilizing  our  simple  transmitter  and 
encoder,  a  very  adequate  telemetry  and  transmission  system  costing  less  than 
$100,  to  test  balloons  and  to  test  sensors. 

Our  third  objective,  of  course,  was  to  test  balloons,  and  this  didn't  work  out 
too  well. 

Table  1  is  a  summary  of  the  flights.  The  names  used  were  mostly  those  of 
children  of  the  people  who  were  over  there.  They  also  corresponded  to  the  Morse 
code  for  the  particular  flight.  We  used  hydrogen  through  the  first  seven  flights. 
These  just  indicate  the  areas  from  which  we  picked  up  our  signals:  from  Tateno, 
our  Japanese  site;  from  Hawaii,  from  Livermore,  California;  from  Boulder,  and 
later  on  from  a  man  we  put  in  Pittsburgh.  Our  Palestine  people  listened  in  a  few 
times,  too.  We  made  no  great  effort  to  build  up  the  network  here  because  we 
were  getting  such  good  communication. 

The  first  flight  was  on  the  evening  when  we  finally  got  our  equipment  together. 
Unfortunately  we  did  not  know  until  after  the  fourth  flight  that  we  were  having 
difficulties.  The  second  flight  moved  to  the  north  very  rapidly.  Sam  Solot  told 
us  it  was  moving  into  Canada  and  we  assumed  we  were  not  picking  it  up  because 
it  went  too  far  north  for  our  receivers,  and  it  wasn't  until  later  that  we  knew  we 
were  in  trouble  with  our  balloon. 

We  had  made  a  number  of  test  flights  in  Boulder  before  going  to  Japan.  One 
of  these  tests  got  away  from  us  --  the  timer  failed  in  a  mountain  wave -- and  as  far 
as  we  know  it  stayed  up  not  less  than  35  days.  We  were,  therefore,  quite  confi¬ 
dent  that  we  would  have  no  trouble  on  our  6-  to  10-day  flights,  which  was  the 
time  we  figured  it  would  take  to  reach  the  mid- Atlantic.  The  durations  were  very 
poor  on  our  first  flights.  Table  1  lists  the  times  we  actually  had  signals;  for 
example,  for  the  flight  of  one-hour  duration,  we  flew  the  ballcon  in  the  afternoon 
and  after  one  hour  it  was  sunset  and  we  did  not  hear  signals  the  next  day.  Pre¬ 
sumably,  that  balloon  flew  for  less  than  24  hours.  In  general,  the  duration  of 
the  balloon  flight  was  12  hours  to  2  days  longer  than  indicated  in  the  Table. 

After  the  fourth  flight,  we  decided  that  we  did  have  a  problem  with  our 
balloons.  We  thought  the  problem  concerned  the  hydrogen  because  we  couldn't 


Table  1.  Summary  of  Japan  GHOST  Flights,  April  1964 
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think  of  any  other  reason.  As  we  analyze  it  now,  I  am  sure  use  of  hydrogen  had 
nothing  to  do  with  it.  We  therefore  delayed  operations  and  then  converted  to 
helium  as  soon  as  we  were  able  to  get  it  released  from  Customs.  We  also  switched 
to  a  balloon  which  at  the  time  had  not  been  proven  out  (as  we  thought  the  first 
type  of  balloon  had).  The  second  group  of  balloons  flew  much  better,  although  not 
nearly  as  well  as  our  tests  had  indicated  they  should. 

Figure  1  shows  the  trajectories  on  some  of  the  longer  flights  that  we  made. 

The  test  was  useful  since  it  pointed  out  to  us  that  what  we  considered  a  basi¬ 
cally  reliable  balloon  turned  out  to  have  leakage.  How  the  balloons  were  damaged 
we  are  not  sure.  We  made  sample  tests  of  balloons  prior  to  shipping  and  had 
great  confidence.  We  are  convinced  now  that  the  only  way  to  fly  superpressure 
balloons  is  to  make  a  leakage  test  on  the  balloon  immediately  prior  to  flight  and 
from  that  point  on  never  to  deflate  the  balloon.  You  simply  remove  the  excess  gas 
and  then  fly  it  in  that  condition.  We  are  not  sure  how  much  packaging  will  damage 
balloons,  but  certainly  a  double  crease  in  a  Mylar  balloon  can  create  a  pinhole; 
and  a  pinhole  with  a  diameter  of  1/10  mil  will  bring  one  of  these  balloons  down  in 
one  day. 

Our  next  step  is  to  build  a  device  at  Boulder  which  will  permit  us  to  make  tests 
down  to  0.01 -percent  leakage  per  day  and  in  which  the  leakage  tester  will  also  serve 
as  a  launch  shelter.  We  are  going  to  be  testing  balloons  all  this  winter.  Asa 
joint  project  with  the  U.  S.  Weather  Bureau  we  plan  to  go  to  New  Zealand  next 
summer  and  start  launching  in  the  Southern  Hemisphere  with  the  approval  of  the 
W'orld  Meteorological  Organization.  It  will  be  necessary  to  get  specific  approval 
from  each  of  the  forty  nations  we  will  overfly,  but  we  have  a  general  endorsement 
and  apparently  will  have  no  great  problems  getting  this  approval. 

We  will  build  a  similar  test  building  at  our  Southern-Hemisphere  launch  area 
to  permit  test  of  any  balloon  prior  to  flight,  and  to  check  out  its  flight  performance 
against  its  test  performance.  On  this  program  we  also  will  test  out  sensors.  We 
are  converting  our  navigation  system  into  a  4-channel  system.  We  will  transmit 
sequentially  16  Morse  code  outputs  from  each  of  4  data  channels  from  each  balloon. 
Our  telemetry  accuracy  based  on  our  Japanese  experiments  is  much  better  than 
1  percent.  We  hope  during  our  Southern- Hemisphere  venture  to  establish  a  climate 
in  which  supex  pressure  bslloons  are  flown  without  objections  on  a  global  basis. 

Radiosondes  are  hazards  but  they  are  flown  every  day  and  people  have  come 
to  accept  them.  We  don't  feel  that  our  system  will  be  a  hazard  but  at  the  same 
time  there  are  objections  from  the  hazard  point  of  view.  We  feel  that  by  continu¬ 
ing  to  fly  we  can  influence  the  international  climate  to  accept  the  eventual  system. 

In  addition  to  the  establishment  of  a  better  climate  among  nations,  we  are  concerned 
with  building  up  a  climatology  of  the  planetary  circulation  in  the  Southern  Hemi¬ 
sphere  which  will  be  done  by  flying  at  500,  200,  and  30  mb.  We  plan  initially  100 
flights. 
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During  the  flight  program  we  should  obtain  answers  to  the  questions  of  how 
much  cross-equatorial  flow  we  get,  and  what  happens  in  terms  of  balloon  cluster¬ 
ing,  Do  the  balloons  tend  to  move  together,  or  do  they  tend  to  stay  reasonably 
randomly  distributed?  We  hope  also  to  be  in  position  so  that  for  the  transition 
to  the  final  GHOST  system  (the  balloon- satellite  system)  we  will  have  an  avail¬ 
able  balloon  capability  ready  for  the  satellite. 

The  data  on  the  Japanese  flights  is  being  put  together  by  Sam  Solot.  He  has 
worked  out  a  computer  program  in  which  he  analyzed  the  entire  sun-angle  data  for 
the  day  with  all  the  noise  inputs,  and  which  provides  not  only  the  most  probable  po- 
sitionbut  evengives  indications  of  the  north-south  andeast-west  components  of  balloon 
velocities.  A  paper  will  be  published  within  the  next  few  months  which  will  pro¬ 
vide  complete  information  on  exactly  how  our  balloons  flew  during  the  Japanese 
experiment. 


XIX.  Instability  of  Spherical 
Wind-Sensing  Balloons 


Daniel  F.  Reid,  USAF 
Aerospace  Instrumentation  Laboratory 
Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


Abstract 


A  description  of  the  "KOSE"  wind-sensing  technique  is  presented.  The 
problem  of  balloon  instability  as  discovered  during  experiments  at  the  Lake- 
hurst  Naval  Air  Station  in  the  large  airship  dock  is  described  with  examples 
of  balloon  trajectories.  Water  analogy  experiments  being  conducted  at 
University  of  Southern  California,  Lcs  Angeles  (U.C.L.A)  and  their  relation¬ 
ship  to  the  balloon  instability  are  discussed.  A  theory  relating  the  instability 
to  the  balloon's  wake  is  presented  with  possible  solutions.  Recent  experimentation 
at  Eglin  Air  Force  Base,  Florida,  is  described  and  the  preliminary  results 
presented.  The  optimum  "quick  fix"  to  the  standard  balloon  and  the 
recommended  new  design  are  presented. 


i.  m'ltnm  ctiov 


Wind  and  wind  variations  influence  the  trajectory  of  all  ascending  vehicles.  In 
the  case  of  a  boosted  space  craft  or  a  military  missile  the  gross  effect  of  the  wind 
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can  often  be  corrected  for  through  guidance  instrumentation,  however,  small-scale 
wind  fluctuations  are  of  great  concern  since  they  cannot  be  corrected  for  and  can 
excite  elastic  bending  modes  of  the  vehicle. 

The  "ROSE"  system  is  designed  to  measure  these  small-scale  wind  variations 
in  order  to  prevent  both  vehicle  failure  and  over-design.  The  system  provides  winds 
and  wind  shears  over  altitude  layers  of  one  hundred  feet,  derived  from  the  radar 
track  of  an  ascending  balloon.  The  "ROSE"  balloon  is  a  superpressured,  metalized- 
mylar  sphere.  It  is  equipped  with  pressure-relief  valves  which  vent  gas  during  the 
ascent  in  order  to  maintain  a  rigid  shape.  The  tracking  radar  is  the  high-precision 
AN/FPS- 16. 

2.  BALLOON  INSTABILITY 

A  major  problem  of  spherical  wind- sensing  balloons  was  uncovered  in  an  ex¬ 
perimental  program  conducted  by  NASA  Langley  Research  Center,  and  the  U.  S. 
Army  Electronics  Command  at  the  Lakehurst  Naval  Air  Station  in  the  large  airship 
dock  (Murrow  et  al.,  1964).  Balloons  that  varied  in  size,  weight,  shape,  material  and 
surface  roughness  were  released  within  the  hanger  under  calm  conditions  and  their 
trajectories  recorded  by  phototheodolite  and  cameras.  It  was  found  that  the  balloons 
did  not  follow  a  vertical  trajectory  but  rather  indicated  false  winds.  Figure  1  is  an 
example  of  the  typical  trajectory  of  the  2-meter  "ROSE  '  balloon.  Surface  roughness 
produced  no  apparent  improvement  in  the  "corkscrew"  type  instability.  Investigation 
of  operational  "ROSE"  data  confirmed  the  existence  of  these  horizontal  oscillations, 
as  shown  in  Figure  2,  which  is  a  plan  view  of  the  "ROSE"  position  at  0.10-second 
intervals.  (This  is  the  motion  an  observer  sees  looking  down  on  the  balloon  as  it 
rises  toward  him.)  Such  instability  obviously  yields  erroneous  wind  data.  The 
amplitude  and  wa”elength  of  the  oscillations  determine  the  extent  of  the  wind  error. 


3.  I  .C.I..  A.  EXPERIMENT 

In  order  to  investigate  the  phenomenon  of  horizontal  oscillations  of  spheres, 
AFCRL  funded  an  experimental  program  at  U.C.L.A.  (Shafrir,  1964).  Spheres  of 
various  specific  gravities  and  sizes  were  dropped  in  distilled  water  and  the  result¬ 
ing  trajectories  photographed  from  two  perpendicular  directions.  Figure  3  shows 
the  type  of  oscillation  observed.  The  spheres  were  released  by  a  special  mechanism 

such  that  no  spin  nor  initial  velocity  was  imparted  to  the  body.  A  Reynolds-number 

3  5 

range  of  approximately  10  to  10  was  obtained.  The  maximum  amplitude  and  the 
predominant  frequency  for  each  Reynolds  number  were  determined.  This  experi¬ 
mental  program  showed  that  the  amplitude  of  the  oscillation  increases  with  both 
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Figure  1.  Intermittent  Photograph  of  a  Spherical  Balloon  Ascending  in  a  Hangar 


velocity  and  Reynolds  number.  Figure  4  shows  the  maximum  peak-to-peak  ampli¬ 
tude  to  be  on  the  order  of  two  to  six  times  the  radius  of  the  sphere  over  the  Reynolds- 
number  range  considered.  The  nondimensional  frequency  of  the  oscillations  was 
shown  to  increase  with  increasing  Reynolds  number.  Figure  5  shows  this  experi¬ 
mental  data  and  the  plotted  curve 
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where  y  is  the  density  ratio  of  the  sphere  to  the  viscous  medium  (in  this  case  water). 
It  is  seen  that  as  the  density  of  the  sphere  becomes  large,  the  frequency  becomes  a 
constant  (independent  of  Reynolds  number  in  the  experimental  range).  In  applying 
this  to  a  balloon  rising  in  air,  the  inverse  of  the  density  ratio  must  oe  used  such 
that  a  large  ratio  of  air  density  to  balloon  density  would  yield  a  constant  frequency 
of  oscillation.  Interpretation  of  these  data  proved  that  although  the  instability  is 
present,  the  frequencies  and  amplitudes  are  such  that  the  winds  indicated  by  a 
spherical  balloon  under  subcritical  Reynolds  number  are  valid. 
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Figure  2.  Horizontal  Position  Plot  of  a  Standard  "ROSE"  Balloon  Flight 

1.  <  \l  <1  01  TIIK  INST  Mill. i  n 

The  cause  of  the  horizontal  oscillations  found  in  freely  rising  and  falling  spheres 
has  not  been  defined.  Investigation  of  the  "ROSE"  instability  has  led  to  the  following 
theory:  the  horizontal  and  vertical  oscillations  of  spheres  under  subcritical  Reynolds 
number  are  caused  by  the  shedding  of  vortices.  Under  subcritical  Reynolds  number 
the  boundary  layer  of  the  sphere  is  laminar  with  separation  occurring  somewhere 
near  the  equator.  Vortex  packages  are  alternately  carried  away  by  the  outer  flow 
causing  the  separation  points  to  move  back  and  for  th  so  that  the  dimension  of  the 
dead  area  fluctuates.  The  sphere  reacts  with  a  spiral-  or  corkscrew -type  motion. 

The  frequency  of  the  vortex  shedding  is  related  not  only  to  the  Reynolds  number  but 
also  to  the  density  ratio  of  the  sphere  to  the  fluid.  The  induced  motion  of  spheres 
under  supercritical  Reynolds  numbers  is  not  caused  by  vortex  shedding  since  the 
boundary  layer  is  now  turbulent.  The  wake  separation  point  has  moved  downstream 
due  to  turbulent  mixing  and  the  dead  area  and  drag  coefficient  are  considerably 
decreased.  The  oscillations  of  the  sphere  are  now  caused  by  a  varying  line  of 
separation  on  the  surface  of  the  sphere.  The  dimension  of  the  dead  area  remains 


218 

Non-dimensional 


Figure  4.  Nondimensional  Amplitude  of  Oscillations  of  Spheres  Falling  in  Water 


constant  but  moves  relative  to  the  sphere.  This  is  a  wandering  wake.  The  magnitude 
of  the  balloon  motion  induced  by  a  wandering  wake  is  considerably  greater  than  that 
caused  by  vortex  shedding. 


sou  tio\ 

Based  upon  the  conclusion  that  a  subcritical  type  wake  eliminates  the  instability 
problem,  four  possible  techniques  could  be  used  to  produce  such  a  wake: 

1.  The  first  would  be  to  control  the  separation  so  that  it  remains  near  the 
equator.  This  could  be  done  by  employing  surface  projections  or  burble  fences 
which  produce  separation  (Scoggins,  1964).  The  projections  would  have  to  extend 
beyond  the  boundary  layer  to  accomplish  this,  since  surface  roughness  produces  the 
undesired  turbulent  boundary  layer. 
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2.  The  second  technique  would  be  to  maintain  a  laminar  boundary  layer.  This 
could  be  accomplished  by  limiting  the  Reynolds  number  to  subcritical  values  by  re¬ 
ducing  the  size  of  the  balloon. 

3.  The  third  technique  v,  ould  be  to  maintain  a  large  dead  area  behind  the  sphere. 
This  could  be  accomplished  by  using  skirt-type  devices. 

4.  The  fourth  technique  would  be  a  method  of  direct  wake  stabilization  through 
the  use  of  drag  tails. 

In  making  any  modification  to  the  balloon,  consideration  must  be  given  to  the 
effect  upon  its  wind-sensing  capabilities.  Any  added  weight  is  undesirable  as  is  an 
increased  diameter  due  to  the  adverse  effect  on  the  wind  response  (Reid,  1964).  At 
the  same  time,  any  objects  put  into  the  boundary  layer  will  affect  the  apparent  mass 
of  the  balloon.  (The  apparent  mass  tnay  be  thought  of  as  that  portion  of  air  surround¬ 
ing  the  balloon  which  must  be  accelerated  as  if  it  were  a  part  of  the  balloon.  It  is 
approximately  equal  to  one  half  the  mass  of  the  displaced  air  for  the  standard 
ROSE".)  Any  modification  which  changes  the  shape  of  the  balloon  so  that  the  drag 
area  becomes  a  variable  (a  function  of  orientation)  or  which  provides  lifting  surfaces 
is  undesirable.  Rotation  of  the  balloon  is  undesirable  in  all  cases  because  it  tends 
to  encourage  a  turbulent  boundary  layer. 
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U.  KM. IN  KM'KimiKVrs 

Over  one  hundred  "ROSE11  fligh  s  have  been  made  at  site  D-3  of  Eglin  Air  Force 
Base,  Florida,  using  modifications  which  encompass  the  previously  mentioned  tech¬ 
niques.  These  experiments  consisted  of  dual  flights  of  standard  and  modified  balloons 
launched  within  minutes  of  each  other. 

One  group  of  modifications  consisted  of  sur  face  projections  (conical  and  truncated 
conical  paper  cups)  in  \arymg  size  and  number.  Figure  6  shows  a  photograph  of  one 
of  these  balloons.  The  patter  ns  were  random  with  as  few  as  75  cups  and  as  many  as 
300.  The  heights  varied  from  2.5  inches  to  4.75  inches.  Perpendicular  belts  of  cups 
(one  belt  around  the  equator)  were  also  used  with  variable-sized  projections.  This 
group  of  modifications  attempted  to  control  the  separation  point. 


Figure  6.  Photograph  of  "HOSE"  Balloon  Modified  with  230  Surface  Projections 
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Attempts  to  keep  the  boundary  layer  laminar  included  the  use  of  small  lightweight 
spheres  which  would  be  under  subcritical  Reynolds  numbers  for  most  of  the  flight. 

Attempts  to  keep  the  dead  area  large  consisted  of  providing  the  balloons  with 
perpendicular  belts  of  ribbons  and  loops  made  of  polyethylene.  These  were  to  have 
acted  as  ommdirectiona'  skirts. 

Attempts  to  stabilize  the  balloon  wake  directly  used  balloons  equipped  with  drag 
tails  of  various  sizes,  weights,  and  configurations. 

As  a  first  look  at  the  performance  of  the  modified  balloons  a  comparison  was 
made  of  the  winds  indicated  by  the  paired  flights.  Figure  7  shows  the  winds  indi¬ 
cated  by  a  sphere  with  230  truncated  cups  compared  to  the  winds  indicated  by  a 
standard  sphere  launched  three  minutes  later.  The  modified  balloon  had  approxi¬ 
mately  4  ounces  of  added  weight,  f  igure  8  shows  a  similar  comparison  of  a  standard 
and  a  small  sphere.  Since  the  instability  appears  as  dispersion  or  noise  in  the  winds, 
the  standard  deviation  of  the  100-foot  winds  from  a  1000-foot  average  was  computed. 

A  large  standard  deviation  is  indicative  of  extreme  instability.  Figure  9  shows  a 
plot  of  these  standard  deviations  versus  altitude  for  a  standard  and  a  modified  flight. 
Note  the  reduction  in  the  standard  after  critica  ynolds  number  is  reached. 

A  comparison  of  the  wind-vector  variance  was  made  for  5,000-foot  layers.  The 
percent  reduction  in  variance  was  computed.  Figure  10  shows  this  reduction  versus 
altitude  for  a  ser  ies  of  modifications. 


:.  i '  im  him  i  vr  \i  m  mi.  I* 

The  use  of  drag  tails  to  stabilize  the  2-meter  spherical  balloon  is  not  effective. 
In  some  cases  they  add  to  the  instability  in  the  form  of  a  very-high-frequency  "fish¬ 
tail  '  type  motion. 

Sur  face  projections  will  stabilize  the  2-meter  balloon  if  then  height  is  consider 
ably  greater  than  that  of  the  boundary  layer.  Conical  projections  are  superior  to 
truncated  cones.  In  general  the  effectiveness  of  this  modification  increases  with 
increasing  number  of  projections  to  a  point  beyond  which  no  advantage  is  gained. 

This  point  is  dependent  upon  the  size  of  the  projections.  Selected  patterns  of  surface 
projections  can  be  as  effective  as  random  placement.  In  par  ticular  an  equatorial 
belt  and  a  polar  belt  of  surface  projections  are  most  effective  if  multi-edged  pro¬ 
jections  are  used.  The  effectiveness  increases  w  ith  increasing  edges. 

Omnidirectional  skirts  provide  some  stabilizing  effect  but  not  sufficient  to  offer 
a  solution  to  the  problem. 
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Figure  7.  Comparison  of  Winds  Indicated  by  a  Modified  and  a  Standard 
"HOSE"  Balloon 


The  use  of  small  lightweight  spheres  was  found  to  be  the  most  effective  solution. 
The  subcritical  sphere  is  as  stable  as  the  best  of  the  pi  eviously  mentioned  modified 
balloons.  The  use  of  1/4-mil  mylar  balloons  as  wind  sensors  is  practical,  with  no 
serious  handling  problems.  "Weightless"  valves  (holes  covered  with  a  porous 
material,  as  designed  by  G.  T.  Schjeldahl  Company)  are  iffective  and  present  no 
great  problems  provided  they  maintain  sufficient  balloon  superpr essure.  Balloons 
equipped  with  these  valves  will  rise  more  slowly  initially  than  the  standard  balloon 
with  a  pop-crut  valve,  and  then  more  rapidly  at  higher  altitudes.  This  is  desirable 
in  that  the  Reynolds  number  is  lower  at  launch. 
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Figure  8.  Comparison  of  Winds  Indicated  by  a  Modified  and  a  Standard 
"ROSt:"  Balloon 


Measured  drag  coefficients  for  the  standard  type  "ROSE"  balloons,  with  diam¬ 
eters  of  36  inches,  40  inches,  and  2  meters,  were  considerably  different  from  the 
classical  values.  In  general  the  measured  drag  coefficients  reached  peak  values  of 

5 

appi  oximately  1.0  near  a  Reynolds  number  of  10  and  then  decreased  rapidly  on 
each  side  of  this  point  but  remained  greater  than  the  classical  values  over  the  en*ire 
measured  range. 
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Figure  9.  Standard  Deviation  of  Winds  Indicated  by  a  Modified  and  a 
Standard  "ROSE"  Halloon 


K.  CIIVCI.I  HON 


The  optimum  stabilizing  modification  to  the  2-meter  'ROSE"  balloon  is  the 
addition  of  perpendicular  belts  each  containing  96  conical  paper  cups  (3.75  inches  in 
height  with  a  base  diameter  of  2.5  inches).  The  total  added  weight  is  10  ounces. 

I’he  new  design  of  the  ROSE"  balloon  is  a  metalized  mylar  sphere,  40  inches 
in  diameter  made  of  1/4-mil  material  and  equipped  with  the  standard  teflon  relief 
valve.  Maximum  altitude  is  56.GC0  feet  with  subcriticai  Reynolds  number  attained 
after  the  first  few  thousand  feet.  This  balloon  is  considerably  more  responsive  to 
the  wind  than  the  2-meter  size  due  to  the  reduction  in  the  apparent  mass. 

Classical  wind-tunnel  drag  coefficients  are  not  applicable  to  the  "ROSE"  balloon 
and  possibly  not  to  any  freely- rising  spherical  balloon. 
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XX.  A  Preliminary  Investigation  of  High 
Altitude  Minimum  Wind  Fields  * 

George  F.  Nolan 
Aorospoce  Instrumentation  Laboratory 
Air  Force  Cambridge  Research  Laboratories 
Cambridge,  Massachusetts 


Abstract 


During  the  summer  months,  a  relatively  stable  layer  of  minimum  winds 
exists  in  the  lower  stratosphere  above  the  North  American  continent  between 
latitudes  25°N  and  65*N.  Within  the  layer  there  are  levels  where  the  wind  speed 
is  close  to  zero.  These  phenomena  can  be  utilized  for  balloon  operations  that 
require  flights  of  long  duration  with  minimum  horizontal  displacement  from  a 
fixed  geographic  location,  and  for  high- altitude  tethered-balloon  operations  that 
require  float  altitudes  where  dynamic  pressure  is  minimum. 


♦This  talk  was  based  on  an  AFCRL  in-house  report  of  the  same  title,  AFCRL 
64-843,  by  Mr.  Nolan  and  Ralland  A.  Smith,  published  in  October  1964.  -  Editor. 
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XXI.  Toward  Improved  Measurements  of 
Stratospheric  Humidity  with  Balloon-Borne 

Frost-Point  Hygrometers* 

J.  G.  Ballinger,  L.  E.  Koehler,  M.  P.  Frick*  and  R.  0.  Murphy 
Military  Products  Group  R*s«orch  Laboratory 

Honeywell,  Inc. 
St.  Poul,  Minnesota 


Abstract 


Efforts  to  increase  the  reliability  of  stratospheric  frost-point  measurements 
made  with  balloon-borne,  automatic  hygrometers  are  described.  Two  major 
problems  limiting  the  accuracy  of  stratospheric  data  are  examined  quantitatively 
and  shown  to  place  very  high  requirements  on  the  equipment  used:  (1)  unsatisfactory 
instrument  performance  due  to  low  mass-transfer  rates  of  water  vapor  and  (2)  bias 
due  to  contamination  of  the  moist-air  sample  by  vapor  desorbed  from  the  instru¬ 
ment  package  and  vehicle.  General  measures  to  improve  the  quality  of  future 
frost-point  data  from  all  sources  are  recommended,  and  specific  techniques  adopted 
by  the  Honeywell  group  are  reviewed.  Equipment  for  upcoming  AFCRL  vertical 
soundings  and  long-duration  horizontal  flights  with  Alpha  Radiation  Hygrometers 
is  described. 


♦Work  performed  for  the  Aerospace  Instrumentation  Laboi  atory.  Air  Force 
Cambridge  Research  Laboratories  under  contract  .lumbers  AF  19(604)-8418, 

AF'  19(b28)- 3857,  and  AF  1 9(628)- 4206. 
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1.  INTROIH  f.TION 

There  is  currently  considerable  interest  in  the  water-vapor  content  of  the 
stratosphere  and  in  its  variation  with  time.  Meteorological  interests  include  the 
development  of  stratospheric  circulation  theories,  relevance  to  military  technology 
includes  the  importance  of  water -vapor  data  to  missile  detection  and  tracking. 
Balloon  soundings  with  automatic  frost-point  hygrometers  offer  a  promising  means 
to  obtain  continuous  humidity  information  up  to  an  altitude  of  about  100,000  feet. 

Previous  data  obtained  by  this  technique,  however,  have  differed  by  more  than 
two  orders  of  magnitude  in  vapor-to-air  mixing  ratio.  These  data  have  been  re¬ 
viewed  elsewhere  (Mastenbrook,  1963,  1964  Gutnick  and  Salmela,  1963,  Rohrbough 
and  Ballinger,  1964)  and  can  be  divided  roughly  into  two  groups,  those  which  show 
the  upper  stratosphere  to  be  dry  and  stagnant  and  those  which  show  it  to  be  wet  and 
variable  in  time. 

Gutnick  (1961)  has  suggested  that  this  controversy  over  upper-stratospheric 
humidity  cannot  be  settled  by  making  measurements  of  no  greater  reliability  than 
those  made  to  date.  We  strongly  support  this  point  of  view.  The  lack  of  reliability 
in  frost-point  data  from  automatic  hygrometers  stems  from  the  fact  that  the  quantity 
of  water  vapor  present  is  extremely  minute.  This  leads  to  two  problems  which  will 
be  discussed  in  some  detail.  First,  the  scarcity  of  water  vapor  makes  the  response 
time  of  automatic  hygrometers  so  long  that  it  may  prove  necessary  to  modify 
drastically  current  sampling  techniques.  Secondly,  even  the  slightest  amount  of 
water-vapor  contamination  from  the  measuring  system  prodjces  a  very  large 
fractional  error.  These  problems  pertain  to  all  types  of  automatic  frost-point 
hygrometers. 

Our  current  activities  include  the  preparation  of  instrument  packages  for  an 
extensive  stratospheric  water- vapor  study  by  AFCRL  (Sissenwine,  Grantham  and 
Salmela,  1964).  Based  on  our  examination  of  the  basic  problems  mentioned  above, 
new  techniques  and  equipment  have  been  adopted  for  this  study  which  are  aimed 
at  attaining  unprecedented  reliability.  These  are  described  in  the  remaining  por¬ 
tion  of  this  paper. 


2.  IIXSM:  IMUMII  I  MS 

2.1  I  ni>l-l.n> «t  Ihmvnio 

In  an  automatic  frost-  (or  dew-)  point  hygrometer,  the  temperature  of  the 
cooled  surface  is  controlled  by  a  servomechanism  which  strives  to  maintain  a 
stable  deposit  of  frost  (or  dew).  The  rates  of  buildup  and  sublimation  of  the  frost 
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layer  in  this  process  determine  not  only  the  design  parameters  for  optimum  auto¬ 
matic  control  but  the  very  feasibility  of  the  device  as  a  continuously  monitoring 
instrument.  Slow  rates  imply  that,  for  a  cooled- surface  temperature  far  from  the 
frost  point,  the  frost  deposit  will  take  a  long  time  to  change  enough  to  be  detected 
and  to  cause  a  correction  in  the  surface  temperature.  This  can  lead  to  intolerable 
response  characteristics  and  gross  errors  in  the  frost-point  determination  if  the 
instrument  is  used  in  an  environment  where  the  frost  point  changes  in  time  (such 
as  a  stratospheric  balloon  flight). 

We  have  estimated  previously  (Ballinger,  Fricke  and  Murphy,  1964)  this  rate 
of  depost-thickness  change  for  two  typical  geometrical  cases:  (1)  flow  of  the 
moist-air  sample  over  and  parallel  to  a  flat  plate  containing  the  condensate  deposit, 
and  (2)  flow  of  the  moist  air  through  a  narrow  channel  formed  by  two  parallel  walls, 
one  of  which  contains  the  condensate  layer.  Changes  in  the  bulk  concentration  of 
water  vapor  along  the  direction  of  flow  (for  example,  a  lowering  of  the  concentra¬ 
tion  when  the  frost  temperature  is  below  the  frost  point)  are  neglected.  Therefore, 
the  estimated  rates  are  valid  only  when  they  are  small  in  magnitude  and  when  the 
length  of  the  deposit  (along  the  direction  of  flow)  is  small;  otherwise  the  magnitude 
of  the  calculated  rate  is  larger  than  the  actual  value. 

For  either  geometrical  case,  the  rate  of  thickness  change  has  the  form 

■  1  (pa  '  Of’-  (1) 

where  a  is  the  thickness  of  the  deposit  in  units  of  mass  per  unit  area. 

The  partial  densities  of  water  vapor  in  the  bulk  flow  and  in  a  small  boundary 
layer  immediately  above  the  condensate  are  p ^  and  Pp  respectively,  p ^  can  be 
taken  to  be  the  saturation  vapor  density  corresponding  to  the  frost  point  of  the 
moist-air  sample,  and  Pp  that  corresponding  to  the  instantaneous  temperature  of 
the  ii  ost. 

The  mass-transfer  coefficient  f  for  the  flat-plate  geometry  is  given  by 


f 


0.332V 

Re1/2 


(2) 


where  V  is  the  flow  velocity.  Re  the  Reynolds  number,  and  Sc  the  Schmidt  number. 
The  latter  are  given  by 


Re 


xpV 
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where  p  is  the  (total)  density  of  the  ambient  air,  pis  its  coefficient  of  viscosity, 

D  is  the  diffusion  coefficient,  and  x  is  a  characteristic  distance  from  the  leading 
edge  of  the  flat  plate  to  the  point  where  o  is  measured. 

For  the  channel-flow  geometry,  the  mass-transfer  coefficient  becomes 

£  «  -3^5D  ,  (3) 

where  b  is  the  distance  between  the  walls  of  the  channel.  The  apparent  velocity- 
independence  and  indefinite  increase  with  diminishing  b  hold  only  when  the  afore¬ 
mentioned  assumption  is  valid,  namely  when  the  bulk  water-vapor  concentration 
varies  little  along  the  channel. 

To  examine  experimentally  these  rates  of  mass  transfer,  an  environmental 
chamber  was  constructed  to  reproduce  typical  values  of  humidity,  pressure, 
temperature,  and  ventilation  rates  encountered  by  a  hygrometer  in  stratospheric 
balloon -flight  applications.  An  experimental  study  of  other  errors  inherent  in 
frost -point  determinations,  principally  those  due  to  thermal  diffusion  and  the 
physical  properties  of  thin  layers  of  frost,  is  also  contemplated. 

This  stratospheric-moisture  simulator  and  associated  instrumentation  provide 
a  continuous,  nonrecirculating  flow  of  air  at  a  constant  frost  point.  The  test 
chamber  uses  a  free-jet  pr'nciple*  to  allow  a  large  working  area  within  the  test 
chamber  without  the  necessity  of  providing  a  large  humidity-controlled  region. 

The  chamber  has  a  constant -humidity  jet,  conical  in  shape,  and  1/2  inch  in  diameter 
by  2  inches  long. 

Tne  simulator  is  specifically  designed  to  provide  frost  points  between  -50°C 
and  -100°C  at  equivalent  pressure  altitudes  from  30,000  feet  (300  mb)  to  130,000 
feet  (3  mb)  and  flow  velocities  from  100  to  1000  ft/min.  The  air  temperature  in 
this  particular  version  is  not  controlled  but  remains  near  typical  free-air  tem¬ 
peratures.  Another  heat  exchanger,  placed  between  the  frost-point  heat  exchanger 
and  the  test  cell,  could  be  added  to  provide  control  of  the  air  temperature. 

The  flow  diagram  is  shown  in  Figure  1.  Air  from  a  pressure  source  is  passed 
through  the  dryer  and  cor'rolled  by  a  mixing  valve  (A).  Tins  dry  air  is  mixed,  by 
an  ejector  and  mixing  tube,  with  humid  room  air  to  provide  an  air  supply  in  the 
desired  humidity  range.  The  pressure  equalization  section  allows  this  partially 
dry  air  to  reach  barometric  pressure  before  entering  the  system  inlet,  providing 
a  stable  pressure  source.  The  two  metering  valves  (B  and  C),  both  of  which 
operate  as  sonic  orifices,  establish  the  flow  rate  (velocity)  and  system  pressure. 

♦The  following  references  establish  the  validity  of  using  the  free-jet 
principle. 
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Figure  1.  Stratospheric  Moisture  Simulator  Flow  Diagram 
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The  hygrometer  mounted  upstream  of  valve  B  is  used  to  establish  the  setting  of 
valve  A  such  that  the  air  after  expansion  through  valve  B  will  have  a  frost  point  5 
to  10  degrees  above  the  temperature  of  the  control  bath.  The  sole  purpose  oi  pre¬ 
drying  the  inlet  aii  i?  to  remove  the  major  portion  of  the  water  ahead  of  the  heat 
exchanger  to  avoid  icing  in  the  coils.  This  mixing  process  does  not  establish  the 
operating  points.  The  air  is  further  cooled  as  it  passes  through  the  heat  exchanger 
and  comes  into  equilibrium  with  the  constant-temperature  bath  which  establishes 
the  frost  point.  The  use  of  constant-temperature  baths  (typical  of  these  are  mix¬ 
tures  of  various  substances  and  COj  snow  which  provide  fixed  temperatures  in  the 
range  from  -70  to  -78.5°C)  is  a  simple  mean;  of  precisely  controlling  temperature 
for  long  periods  of  time. 

The  heat  exchanger  is  designed  to  avoid  any  appreciable  pressure  drop  across 
it.  A  snow  filter  consisting  of  stainless -steel  wool  is  located  at  the  downstream 
end  to  remove  any  airborne  ice  crystals. 

Figure  2  shows  a  test  fixture  for  the  test  cell.  The  components  shown  are  a 
thermoelectric  cooler  mounted  on  a  heat  sink,  and  a  fixture  for  positioning  the 
frost-thickness  sensor. 


Figure  2.  Thermoelectric  Cooler  and  Alpha  Particle  Detector  Mounted  n 
Test  Fixture 
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A  preliminary  experiment  which  was  performed  with  this  apparatus  can  be 
compared  with  the  mass-transfer  rate  predicted  above.  Figure  3  shows  the  tem¬ 
perature  readout  of  a  hygrometer  subjected  to  chamber  conditions  which  correspond 
to  stratospheric  conditions  at  70,000  feet  and  a  ventilation  rate  of  moist  air  through 
the  unit  of  400  ft/min.  The  instrument  was  initially  operated  in  a  full-heating  mode 
to  eliminate  all  condensate  from  the  surface.  The  instrument,  a  Honeywell  Alpha 
Radiation  Hygrometer  (Ballinger,  1964),  was  turned  on  at  the  time  indicated  t^  on 

Figure  3  (that  is,  the  servo  loop  was  closed),  and  a  full-cooling  mode  resulted  to 

2 

reestablish  a  20  jig/cm  layer  of  frost  *  This  thickness  was  preset  by  adjusting 

the  servo  balance  point  with  thin  films  of  thickness  known  to  about  ±50  percent. 

2 

By  the  time  denoted  tg,  the  20  jig/cm  deposit  had  formed  and  thereafter  the 

temperature  began  to  cycle  about  the  frost  point  in  a  usual  manner  to  maintain 

this  amount  of  deposit  constant.  The  ragged  variations  seen  in  Figure  3  are 

superimposed  on  the  slower  cycling  pattern  and  are  due  to  the  random  nature  of 

pulses  received  from  the  radiation  detectors. 

2 

The  time  taken  to  form  the  20-jig/cm  deposit  (tg  -  t^)  =  4  ±  1  minute, 
gives  an  estimate  of  the  mass-transfer  rate.  Since  the  surface  temperature  and 
frost  point  were  constant  during  this  interval,  we  have 


20 


2 

I  ±  10  uu/cm  r+5  /  2 ,  . 

- 5  u g/ cm  /min 

4  ±  1  min  -3  ' 


n  no  +  0.08  /  2  i 

°'08-0.05  Mg' cm  /sec  * 


The  sensor  used  in  this  experiment  had  very  nearly  flat-plate  geometry.  The  frost 
point  of  the  moist-air  sample  was  maintained  near  -73°C,  and  the  calculated  flat- 
plate  value  of  f  for  the  chamber  conditions  with  a  ventilation  rate  of  400  ft/min  is, 
from  Eq.  (2),  10.8  cm/sec.  As  the  surface  temperature  t^g  was  -85°C,  the  flat 
plate  estimate  for  da/dt  is,  using  Eq.  (1), 


10.8 


cm 

sec 


(0.001799 

crci 


0.000271  ) 

crn 


=  0.02  ji g/cm  /sec 


♦This thickness  is  that  of  the  control  layer,  the  average  amount  about  which 
the  thickness  varies  during  closed-loop  operation,  and  is  not  to  be  confused  with 

2 

the  sensitivity  of  the  sensor  which  was  less  than  1  jig/cm  (30  monolayers). 
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Figure  3. 


Hygrometer  Readout  During  Formation  of  20pg/cm 


2 


Control  Layer 


In  view  of  the  experimental  uncertainty  in  establishing  a  true  fiat-plate  flow,  the 
estimated  rate  is  considered  to  agree  well  with  that  observed. 

We  now  consider  the  general  limitation  placed  on  any  balloon-borne  automatic 
frost-point  hygrometer  by  the  mass-transfer  problem.  Figure  4  shows  typical 
"wet1  and  "dry"  stratospheric  frost-point  data  obtained  with  balloon-borne, 
automatic  instruments  (Mastenbrook,  1963,  1964;  Gutnick  and  Salmcla,  1963; 
Rohrbough  and  Ballinger,  1964),  and  Figures  5  and  6  show  response  times  based 
on  these  data  and  the  estimated  rates  of  thickness  change.  The  dry  data  corre¬ 
sponds  to  a  constant  mixing  ratio  of  0.003  g/kg  above  50  thousand  feet.  The  response 
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Figure  4.  Typical  Frost-Point  Data 


time  given  is  the  time  required  to  increase  the  deposit  thickness  by  10  monolayers 
when  the  frost  temperature  is  1°C  below  the  frost  point  of  the  air  sample.  This  can 
be  interpreted  as  the  minimum  time  necessary  for  an  instrument  to  respond  to  a 
1°C  change  in  ambient  frost  point  if  this  instrument  is  capable  of  detecting  a  change 
in  condensate  thickness  equal  to  10  molecular  diameters.  If  the  instrument  is  not 
capable  of  detecting  such  a  small  increment  in  thickness,  the  response  time  is 
proportionately  longer.  The  times  given  are  also  considered  to  be  reasonably 
optimistic  values  for  instruments  of  the  optical  type  which  employ  a  cooled  surface 
with  a  temperature  gradient  and  derive  information  from  the  area  of  the  deposit  as 
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BALLOON 
VELOCITY  (ft/min) 


Figure  5.  Response  Times  for  Flat-Plate  Geometry 

(Flow  Velocity  -  1000  ft/min.  Characteristic  Distance  1  cm) 


well  as  its  thickness.  In  order  to  detect  this  change  in  area,  a  finite  thickness  of 
condensate  must  be  formed  or  eliminated  at  the  periphery  of  the  deposit,  and  a 
reasonable  lower  limit  for  this  minimum  detectable  thickness  is  a  few  molecular 
diameters.  We  note  that  this  limit  is  determined  by  drift  and  noise  in  the  instru¬ 
ment  as  well  as  by  the  theoretical  limitation  of  the  thickness  sensor. 

Also  depicted  in  Figures  5  and  6  are  the  times  necessary  to  traverse  1000  feet 
while  ascending  or  descending  on  a  balloon  flight  with  various  velocities.  If 
"continuous"  data  is  defined  as  that  which  can  reflect  a  1°C  change  in  frost  point 
over  an  interval  no  greater  than  1000  feet,  then  acquisition  of  continuous  data  is 
possible  so  long  as  the  response  times  are  less  than  these  traversal  times. 
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Figure  6.  Response  Times  for  Channel-Flow  Geometry 
(0.030-Inch  Channel) 


As  can  be  seen  from  Figure  5,  a  sensor  with  a  flat-plate  flow  configuration, 
small  frost- formation  surface  (x  =  1  cm),  and  a  sizable  flow  rate  (V  =  1000  ft/min) 
would  not  be  expected  to  measure  a  dry  stratosphere  continuously  unless  the 
balloon  velocity  were  less  than  100  ft/min.  Typical  ascent  and  descent  rates  used 
in  previous  measurements,  however,  have  been  about  1000  ft/min. 

Use  of  forced  (high-velocity)  flow  through  a  narrow  channel  can  improve 
matters  considerably,  as  is  seen  in  Figure  6.  Because  of  the  assumption  of  a 
constant  bulk  concentration,  the  times  given  above  about  70,000  feet  are  valid  for 
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the  0.C30-inch  channel  and  flow  rate  of  1000  ft/ min  only  if  the  length  of  the  deposit 
in  the  direction  of  flow  is  much  less  than  1  cm. 

2.2  Contamination 

from  the  point  of  launch  to  maximum  altitude,  the  concentration  of  water  vapor 

5 

experienced  by  a  balloon-borne  hygrometer  varies  by  a  factor  of  10  .  Adsorption 
of  water  by  the  balloon  and  associated  equipment  at  low  altitudes  and  a  subsequent 
desorption  in  the  stratosphere,  particularly  under  the  influence  of  solar  radiation, 
can  introduce  serious  errors  ir.  the  measurement  of  low  frost  points.  The  effect  of 
such  contamination  can  be  seen  (Figure  7)  to  be  quite  large  at  float  and  consider¬ 
ably  less  with  sufficiently  high  balloon  velocity. 

Once  desorbed  from  an  exposed  surface,  a  minute  quantity  of  water  vapor  can 
produce  a  large  elevation  in  the  humidity  of  the  surrounding  air  for  a  long  period 
of  time.  Numerical  estimates  of  the  severity  of  this  contamination  problem  have 
been  obtained  (Ballinger,  Fricke  and  Murphy,  1964)  by  treating  the  one-dimensional 
diffusion  problem,  that  is,  by  considering  an  equipment  package  to  be  a  very  large 
wall  from  which  water  molecules  diffuse  in  the  z-direction.  The  equation  describing 
this  situation  is: 

D  a 2 !■> 
a  Z2 

where 

n(z,t)  r  the  exctss  concentration  (particles  per  unit  volume)  of  the  water  vapor 
z  -  the  distance  (one  dimension) 

D  =  the  mutual  diffusion  coefficient. 

The  concentration  at  the  wall  is  taken  to  be  constant  in  time  and  equal  to  the 
saturation  concentration.  The  boundary  conditions  thus  are: 

n(o,t)  =  N  =  Const. 
n(°°,t)  <  « 
n(z,o)  -  o.z  >  o  . 

A  solution  meeting  these  boundary  conditions  is: 
n(z.t)  N  1  2  *  /"  e-e2/2  d£  . 
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Figure  7.  Frost-Point  Profile,  17  January  1963  Flight 
2 

If  a  value  of  4.3  cm  /sec  (appropriate  to  a  height  of  about  80,000  feet)  is  used 
for  the  diffusion  coefficient,  numerical  values  for  n(z,t)  can  be  computed.  Figures 
8  and  9  illustrate  two  flights,  one  with  the  hygrometer  located  near  the  package  and 
one  with  the  hygrometer  located  fartner  from  the  package.  It  appears  in  both  of 
these  cases  that  the  diffusive  contamination  hypothesis  is  an  adequate  explanation 
of  the  observed  rise  in  measured  frost  point. 
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Figure  8.  Contamination  of  Air  Sample  by  Instrument  Package  M-H 
Flight  No.  6,  AFCRL  Flignt  No.  1312  Holloman  AFB  N.  M.  17  Jan.  1963 
Float  Altitude  67  MB  (61  Kilo  Ft.)  Hygrometer  Located  5  Feet  from 
Side  of  "Wet"  Gondola 


The  severity  of  the  contamination  problem  is  emphasized  by  a  calculation  of 
the  quantity  which  is  defined  as  the  total  number  of  water  molecules  which 
leave  a  unit  area  of  the  wall  in  a  time  i'.  From  Fick's  diffusion  law,  it  follows  that: 
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r  gure  9.  Contamination  of  Air  Sample  by  Instrument  Package  M-H 
Flight  No.  2,  AFCRL  Flight  No.  1229  Holloman  AFB  N.  M.  5  April  1962 
Float  Altitude  24  MB  (83  Kilo  Ft.)  Hygrometer  Located  1/2  Foot  from 
Side  of  "Wet"  Gondola 


Assuming  N  is  the  saturation  concentration  at  -50°C  and  a  reasonable  value  for 
the  free-air  temperature  in  the  stratosphere,  we  find  for  T  =  one  hour  that 
represents  a  layer  less  than  twenty  molecules  thick.  Calculations  from  the  ex¬ 
pression  for  n(z,t)  indicate  that  the  effects  of  contamination  will  in  one  hour  extend 
out  to  a  distance  of  about  one  meter  from  the  wall.  Thus,  a  minute  amount  of 
adsorbed  water  will,  because  of  the  scarcity  of  stratospheric  water  vapor,  cause 
a  rather  severe  contamination  problem  for  a  long  period  of  time. 

To  best  avoid  the  problem  of  contamination,  use  of  sample-inlet  tubes  extend¬ 
ing  past  the  boundary  layer  of  the  instrument  package  (on  the  descent  portion  of 
the  flight)  has  been  considered.  However,  the  contamination  introduced  by  the  tube 
itself  can  be  considerable. 

The  average  partial  density  of  water  vapor  p'  at  the  outlet  of  a  sampling  tube 
of  length  f  and  uniform  cross-sectional  area  A  is 


P' 


dm 
dt  ' 
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where  p  is  the  partial  water -vapor  density  of  the  incoming  air  sample,  V  is  the 
flow  velocity  in  the  tube,  and  dm/dt  is  the  total  mass  of  water  desorbed  from  the 
inner  walls  of  the  tube  in  unit  time.  If  the  desorption  rate  in  mass  per  unit  area 
per  unit  time  is  do/dt,  then 


*'*<>*&  * 


do 

dt 


where  P  is  the  perimeter  of  the  tube.  For  a  cylindrical  tube  of  radius  R,  which 
minimizes  P/  A  in  the  above. 


.  2  f  do 

p  ■»  *  RV  dT 


To  minimize  the  contamination,  then,  a  short  cylindrical  sampling  tube  with  a 

large  radius  and  a  high  flow  velocity  is  desirable.  However,  should  a  constant 

volume  blower  or  pump  be  used  downstream  from  the  tube  to  establish  a  high  flow 

velocity,  then  the  error  is  minimized  by  using  a  small  radius  (since  in  this  instance 

2  ~ 

one  has  the  constraint  R  V  =  constant). 

The  desorption  rate  from  stainless  steel  after  one  hour  of  pumping  is  about 
1.7  X  10  7  torr-litert  ''sec-cm^,  or  1.7  X  10  4  pg/cm^-sec  (Dayton,  1962).  Using 
this  value  for  da/dt,  a  flow  of  0.3  cfm,  and  a  tube  of  length  1  foot  and  radius 
1/8  inch  (for  which  V  -  447  cm/sec),  we  then  have 


2  f  d(7  A  ..00  v  .  n-4  3 

RV  dt"  =  0-729  xl°  Mg/  cm  . 

If  the  air  entering  the  tube  were  perfectly  dry,  the  above  corresponds  to  the 
partial  density  of  water  at  the  outlet  and  is  equivalent  to  a  frost  point  of  -93°C. 
Moreover,  this  background  would  introduce  an  error  of  1°C  in  the  measurement  of 
a  frost  point  of  -82°C. 

More  information  on  desorption  rates  occurring  under  conditions  typical  of 
stratospheric  balloon  flights  is  necessary  to  make  firm  conclusions  about  the  use 
of  sample-inlet  tubes.  However,  the  above  example  serves  to  illustrate  the  general 
severity  of  the  contamination  problem. 


.3.  Cl  RRKNT  KQl  IPMCNT  \NI>  TFCIIMQI  K.S 

We  will  now  describe  briefly  our  present  instrument  packages  and  tentative 
plans  for  the  flights  on  which  they  will  be  used.  Some  of  the  major  design  features 
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incorporated  into  these  instrument  packages  to  cope  with  the  problems  of  low 
mass-transfer  rates  and  sample  contamination  are  described  below. 

3.1  (.hoire  of  Instrument 

The  type  of  instrument  we  use  is  the  Honeywell  Alpha  Hygrometer  (developed 
under  Contract  AF -  1 9 ( 604 ) - 8 4 1 8).  The  latest  version  is  shown  diagranatically  in 
Figure  10.  It  operates  as  an  automatic  frost -point  (or  dew-point)  hygrometer, 
that  is,  the  amount  of  frost  deposite’d  on  a  cooled  surface  is  measured,  and  the 
deviation  from  some  preset  amount  of  deposit  is  used  as  an  error  signal  in  a 
closed  servo  loop.  In  this  way,  the  instrument  maintains  the  temperature  of  the 
surface  at  the  point  where  the  quantity  of  water  on  the  surface  remains  constant-- 
evaporation  is  balanced  by  condensation- -and  the  surface  temperature  is  thus  at 
the  frost  or  dew  point. 


FROST  CHANNEL 


SENSOR  HEAD 


*  |  » 


REMOTELY  LOCATED  COMPONENTS 


Figure  10.  Alpha  Radiation  Hygrometer 
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Several  versions  of  automatic  frost-point  hygrometers  exist,  usually  employing 
optical  techniques  to  determine  the  amount  of  frost  on  a  cooled  mirror.  Honeywell's 
Alpha  Hygrometer  uses  an  a-particle  source  in  the  cooled  surface,  and  employs  the 
technique  of  radioactive-thickness  gauging  to  measure  the  deposit  thickness.  Two 
radioactive  sources  are  used;  one  is  cooled  and  the  other  is  kept  at  a  temperature 
well  above  the  frost  point  and  used  to  compensate  for  changes  in  air  density.  We 
refer  to  these  as  frost  and  reference  <  t.annels.  The  preset  deposit  or  control- 
layer  thickness  is  determined  by  a  thin  absorber  placed  between  the  reference 
channel  source  and  detector.  (In  actual  practice,  both  channels  have  absorbers 
interposed  so  that  the  a-particles  have  nearly  reached  the  end  of  their  range,  the 
condition  for  which  the  thickness  sensitivity  is  greatest.  The  control  layer  is  set 
by  using  a  slightly  thicker  absorber  in  the  reference  channel.)  Output  pulses  from 
the  frost-  and  reference-channel  Geiger-Mueller  tubes  are  fed  into  the  two  gates 
of  a  flip-flop,  and  the  time  spent  in  each  state  by  the  flip-flop  depends  on  the  number 
of  pulses  per  second  in  each  channel.  The  average  number  of  pulses  in  the  frost 
channel  decreases  as  the  frost  thickness  increases  and  the  flip-flop  output  may  be 
integrated  to  give  a  d-c  signal  proportional  to  frost  thickness.  This  is  the  error 
signal,  which  is  amplified  and  fed  into  a  thermoelectric  cooler  to  regulate  the 
frost-channel  source  temperature. 

Some  advantages  of  the  alpha  gauging  technique  are  as  follows: 

The  sensitivity  is  high.  Servo  response  is  initiated  by  a  change  of  less 

_  g 

than  10  cm  (less  than  30  molecular  diameters)  in  the  average  condensate 
thickness. 

The  mass  thickness  of  the  deposit  on  the  cooled  surface  is  measured 
rather  than  its  reflectivity  which  depends  on  the  physical  structure  of 
the  deposit. 

The  control-layer  thickness  can  be  precisely  set  by  use  of  a  calibrated 
absorber. 

The  cooled  surface  may  be  directly  exposed  to  the  atmosphere,  since 
the  detectors  are  not  light-sensitive. 

The  radioactive  source  output  is  constant. 

The  thickness  measurement  depends  solely  on  the  number  of  pulses  and 
virtually  eliminates  drift  problems  in  detectors  and  electronics. 

There  is  no  critical  mechanical  alignment  and  no  operational  circuit 
adjustments  are  necessary. 
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3.2  1’nrkitgr  Tempernlurr  (  onlrol 

To  insure  against  possible  drift  in  batteries,  power  supplies,  recorders,  and 
so  on,  we  control  the  interior  temperature  of  the  instrument  package  so  that  it 
remains  above  10  C. 

3-3  Heat  .Sink 

The  thermocooler  establishes  the  cooled-surfacc  temperature  and  this  depends 
not  only  on  the  error  signal  (which,  in  turn,  depends  on  frost  thickness)  but  also  on 
the  temperature  of  the  heat  sink  which  serves  as  the  thermocooler  reference.  If 
for  some  reason  the  heat- sink  temperature  changes,  the  cooled-surface  temperature 
will  follow  this  change  until  an  error  signal  develops  which  can  correct  it.  At  the 
thermistor  readout  of  the  instrument  one  cannot  distinguish  whether  the  frost  point 
has  changed,  or  whether  the  heat-sink  temperature  is  varying.  This  discourages  the 
use  of  a  heat-rejection  fin,  which  will  have  variations  due  to  changes  in  free-air 
temperature  and  solar  heating.  Similarly,  the  temperature  of  a  boiling- liquid  heat 
sink  changes  with  altitude. 

We  have  used  a  frozen  liquid  (such  as  ethyl  alcohol)  to  provide  a  constant 
reference  temperature,  but  the  size  of  the  sink  required  is  unduly  large.  For  this 
reason  we  use  a  heat  sink  consisting  of  a  sealed  container  of  dry  ice  with  an 
absolute-pressure  relief  valve.  This  valve  is  set  to  about  300  millibars,  and  thus 
gives  us  a  constant  temperature  above  30,000  feet.  Below  this  altitude,  the  frost 
point  (and  mass-transfer  rate)  is  high  enough  so  that  a  slowly- varying  sink  tem¬ 
perature  will  not  give  rise  to  a  significant  measurement  error. 

3.4  Forced  \entilalion  and  (.hannel-h  Iom  (»eometry 

The  low  mass-transfer  rates  encountered  in  the  stratosphere  set  the  basic 
limitation  on  instrument  performance,  since  this  determines  the  ability  of  an 
automatic  hygrometer  to  follow  a  changing  frost  point  or,  for  that  matter,  to 
distinguish  frost-point  changes  from  internal  and  external  sources  of  drift.  We 
have  shown,  however,  that  these  rates  may  be  considerably  enhanced  by  using  the 
proper  channel-flow  geometry  and  a  high  ventilation  rate.  The  flow  channels  in  our 
hygrometer  heads  have  a  rectangular  cross  section  0.030  inch  high  by  0.30  inch 
wide,  apd  we  provide  a  flow  velocity  in  excess  of  3000  feet  per  minute.  To  achieve 
high  flow  velocities  in  this  narrow  channel,  a  miniature  vane-type  vacuum  pump  is 
connected  to  the  outlet  side  of  the  hygrometer  head.  This  is  a  positive-displacement 
pump  which,  when  driven  at  constant  speed,  provides  an  essentially  constant  flow 
velocity  over  the  entire  altitude  range  covered. 
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3.3  Outbid**  ( onlttinrr 

The  contents  of  the  instrument  package--vented  wet-cell  batteries,  foam 
insulation  with  a  large  effective  surface  area  and  a  frost-laden  heat  sink--represent 
a  copious  source  of  moisture.  Since  we  prefer  not  to  use  a  long  sampling  tube,  for 
reasons  previously  given,  it  is  necessary  to  seal  these  sources  of  contamination 
from  the  vicinity  of  the  sample  inlet.  This  is  done  by  enclosing  the  components  in 
a  staled  stainless -steel  container  which  is  vented  through  a  zeolite  adsorber. 

3.6  Long  Loud  Lines 

In  order  to  sample  air  which  is  uncontaminated  b>  the  balloon,  parachute,  and 
other  flight  equipment,  the  hygrometer  package  should  be  located  at  a  considerable 
distance  from  all  other  gear.  Relatively  small,  lightweight  instrument  packages 
using  inflight  recording  lend  themselves  readily  to  suspension  far  below  other 
equipment.  Packages  which  have  enough  battery  and  heat-sink  capacity  for  long- 
duration  flights,  or  which  are  not  electrically  independent,  must  be  located  within, 
say,  thirty  feet  of  the  load  bar.  In  this  case,  reliable  data  are  assured  only  during 
descent  or  after  floating  long  enough  for  clean-up  to  occur. 

3.7  Sample  Inlel  Tubes 

Since  we  cannot  be  assured  that  data  obtained  using  long  sampling  tubes  will 
be  free  from  contamination  errors,  short  inlet  tubes  are  normally  used.  On  the 
Contamination  Study  flights  (Contract  AF  19  (628)- 3857)  however,  we  plan  to  mount 
one  hygrometer  package  on  top  of  the  balloon.  To  obtain  a  low  center  of  gravity  the 
package  must  be  mounted  immediately  above  the  valve  assembly.  During  ascent 
this  package,  which  is  in  an  aerodynamically  unfavorable  location,  may  be  in  con¬ 
taminated  surroundings.  For  this  reason,  air  will  be  taken  in  through  a  ten-foot 
vertical  sampling  tube,  and  the  possibility  of  contamination  from  the  tube  itself 
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will  be  minimized  by  using  small-diameter  (pg  inch  I.D.)  tubing  and  a  high  flow 
velocity. 


3.8  Performance  Tesling 

In  addition  to  life  testing  under  simulated  environmental  conditions,  each  in¬ 
strument  is  subjected  to  a  performance  check  in  the  Stratospheric  Moistui  e 
Simulator.  For  this  purpose  we  use  the  setup  pictured  in  Figure  11.  The  hygrometer 
head  and  fusion  sink  to  be  tested  are  enclosed  in  a  bell  jar,  with  the  controlled- 
humid'ty  jet  entering  through  the  baseplate.  The  inlet  tube  of  the  hygrometer  samples 
air  from  within  this  jet,  and  we  can  make  a  performance  check  with  includes  cali¬ 
bration  at  a  low  frost  point  (the  heat-exchanger  coils  attain  a  temperature  of  .’  °C 
with  a  dry-ice  and  alcohol  bath). 


Figure  11.  Hygrometer  Test  Fixture 


3.9  Instrument  Packages 

Figure  12  depicts  the  flight  train  proposed  for  a  forthcoming  flight  in  the 
Contamination  Study  program.  On  top  of  the  balloon  is  a  package  housed  in  an 
aluminum  container  and  mounted  on  a  six-foot  diameter  stabilizing  platform. 

Figure  13,  a  photograph  of  this  package  with  the  cover  removed,  shows  the  hygrom¬ 
eter  head,  heat  sink  and  relief  valve,  vacuum  pump,  hygrometer  electronics,  and 
battery  power  supply.  The  inlet  is  a  ten-foot  tripod-supported  stainless-steel  tube. 

Suspended  directly  below  the  load  bar  is  the  main  hygrometer  package,  shown 
in  Figure  14.  This  package  contains  two  hygrometers  and  associated  equipment, 
and  includes  two  in-flight  recorders  which  monitor  both  hygrometer  outputs,  heat¬ 
sink  temperature,  interior  temperature  of  the  package,  free-air  temperature,  and 
the  hygrometer  output  and  fusion-sink  temperature  from  the  top-mounted  package. 
This  main  unit  is  housed  in  a  stainless- steel  container. 

A  third  hygrometer  package  is  lowered  from  a  reel  on  a  2000-foot  load  line 
terminated  with  30  feet  of  stainless-steel  cable  above  the  package.  This  unit  is  of 
the  same  design  as  the  ones  which  will  be  used  by  AFCRL  for  vertical  soundings  in 
their  Stratospheric  Humidity  program  (Contract  AF  19  (628)-4206).  Figures  15  and 
16  show  the  layout  of  components  within  the  stainless-steel  outer  container. 


252 


-x 
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2'°00'  COMMAND  PACKAGE 
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STRATOSPHERIC 
HUMIDITY  PROGRAM 


Figure  12.  Proposed  Flight  Train  for  Contamination  Study 


A  fourth  instrument  package  incorporating  the  same  general  design  features 
is  shown  in  Figure  17.  This  package  is  designed  for  AFCKL  for  the  horizontal 
flights  in  the  Stratospheric  Humidity  program.  Data  will  be  tiansmitted  for  two 
minutes  every  two  hour  s.  Low  mass -transfer  r  ates,  however,  discourage  us 
from  operating  the  sensors  intermittently  because  it  may  take  nearly  this  long  for 
a  hygrometer  to  acquire  a  control  layer  and  stabilize  after  turn-on.  For  this 
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Figure  13.  Top  Hygrometer  Package,  Mount ed  on  Balloon  Valve 


reason,  the  instrument  will  run  continuously  during  the  flight  (approximately  ten 
days).  Die  major  difference  between  this  and  the  other  packages  described  is  that 
heat-sins  arrti  battery-power  capacities  are  considerably  greater. 
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Figure  14.  Main  Hygrometer  Package  Mounted  on  Load  Bar 

t.  DISCI  SSION 

We  believe  that  sufficient  evidence  now  exists  to  cast  serious  doubt  on  the 
validity  of  virtually  all  previous  stratospheric  water-vapor  measurements  made 
with  the  balloon-borne  automatic  frost-point  hygrometers.  Both  theory  and 
experiment  have  been  Cited  to  show  that  the  fundamental  problems  of  low  mass- 
transfer  rates  and  contamination- -both  due  to  the  scarcity  of  water  vapor  at  high 
altitudes- -are  likely  sources  of  the  present  controversy  in  stratospheric 
measurements. 

One  should  note  that  efforts  to  avoid  one  of  the  two  problems  may  aggravate 
the  other.  A  rapid  balloon  descent  velocity  will,  on  one  hand,  eliminate  the  problem 
of  contamination  but  may,  on  the  other  hand,  lead  to  completely  erroneous  results 
because  of  the  long  response  times  inherent  in  stratospheric  measurements.  One 
finds  that  contamination,  unless  avoided  by  scrupulous  packaging  techniques,  sets 
a  lower  limit  to  the  velocity  of  the  sampling  vehicle;  the  response  rates  set  an 
upper  velocity  limit,  which  is  probably  quite  low.  For  a  particular  instrument 
system,  it  must  be  demonstrated  that  there  exists  an  intermediate  range  of 
velocities  which  will  adequately  reduce  both  problems.  For  the  upcoming  AFCKL 


Figure  15.  Vertical  Flight  Package 


flights,  the  first  oi  which  are  designed  to  measure  contamination,  the  sensitivity 
of  the  Alpha  Radiation  Hygrometer  should  permit  vertical  balloon  velocities  of  up 
to  400  lt/min  in  the  region  of  poorest  mass  transfer. 

The  design  features  necessitated  by  these  problems  are  not  peculiar  to  our 
instruments,  they  are  recommended  as  general  measures  to  improve  the  quality 
of  ail  future  frost-point  measurements. 
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Figure  16.  Vertical  Flight  Package 


In  summary,  the  instrument  requirements  which  must  be  met  to  assure  the 
validity  of  stratospheric  fro6t-point  data  include: 

The  sensitivity  and  associated  response  time  of  the  frost-thickness  (or 
area)  sensor  must  be  optimized  and  compatible  with  the  rate  of  sampling. 

The  hygrometer  circuit  di  ift  must  be  virtually  eliminated. 

The  heat-sink  temper  ature  should  be  held  constant. 

The  flow-channel  geometry  of  the  sensor  must  be  optimized. 
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Figure  17.  Horizontal  Flight  Package 


High-velocity  forced  ventilation  is  desirable  both  to  improve  mass-transfer 
rates  and  to  reduce  sample  contamination  from  the  sample- inlet  system. 

The  packages  must  be  sealed  to  keep  contamination  away  from  the  sample 
inlet  area. 

The  sensor  should  be  located  fa~  from  the  flight  train. 

In  addition  to  these  requirements,  serious  effort  must  be  made  to  optimize  the 
performance  of  the  servo-control  system  as  a  whole  if  it  is  to  be  effective  in  the 


258 


regions  of  very  low  rates  of  mass  transfer.  Such  considerations  are  worthy  of  a 
separate  paper  on  the  subject. 

Although  the  contamination  problem's  existence  (if  not  its  severity)  is  well 
known,  the  dynamics  problem  has  received  little  attention  from  investigators  of 
stratospheric  humidity  using  automatic  frost-point  hygrometers.  This  is  unfortunate 
since  mass-transfer  difficulties  may  not  be  apparent,  during  application  in  an 
unknown  environment,  from  the  behavior  of  the  recorded  temperature  or  other 
easily-monitored  instrument  functions  which  depend  upon  the  amount  of  condensate 
present.  As  a  major  criterion  for  the  acceptability  of  future  stratospheric  data, 
it  is  therefore  strongly  recommended  that  thorough  performance  data  be  required 
for  the  instrument  used.  Cycling  and  response  characteristics  must  be  determined 
throughout  the  range  of  application;  monitoring  operation  in  a  laboratory  test  facil¬ 
ity  with  known  and  variable  frost  points  should  be  a  minimal  requirement. 
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XXII.  AFCRL  Stratospheric  Humidity  Program 

D.  Grantham,  N.  Sissenwine  and  K.  Salmelo 
Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 


I.  IMIKHH  <  DON 

Over  the  last  decade  there  has  been  a  growing  interest  in  wuter  vapor  in  the 
stratosphere,  prompted  in  large  part  by  those  who  are  designing  infrared  detec¬ 
tion  systems  for  either  the  guidance  or  tracking  of  rockets  (Sissenwine  and  Gutnick, 
1960).  Parallel  scientific  interests  have  developed  from  attempts  to  understand 
atmospheric  circulation  patterns  and  spectroscopic  investigations  of  atmospheric 
composition  of  other  planets  from  stratospheric  balloon  platforms  for  which 
assumptions  of  the  overhead  humidity  are  required  (Bottema,  Plummer  and  Strong, 
196-1). 

With  this  growing  interest,  a  controversy  has  evolved  between  two  factions: 
one  advocating  a  "dry  and  stagnant  stratosphere,  and  the  second  believing  that 
the  stratosphere  is  variable  ir  >oth  time  and  space,  sometimes  wet  and  some¬ 
times  dry  (Gutnick,  1961). 

Utilizing  manually- cornroued,  aircraft-borne  frostpointers,  early  British 
investigators  usuall}  observed  frostpoints  near  -82°C  in  the  lower  stratosphere 
up  to  59,000  feet  ( \lurgatroyd,  Goldsmith  and  Pollings,  1957).  These  lata 
supported  a  circulation  theory,  postulated  by  them,  in  which  the  stratosphere  has 
a  constant  mixing  ratio  of  about  2  mg 'kg  of  dry  air  (Brewer,  1949,  Dobson,  1956). 
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The  condition  of  constant  mixing  ratio  dictates  continuously  lowering  frost  point 
with  increasing  altitudes. 

More  recently,  several  American,  Japanese  and  a  few  British  investigators 
have  observed  mixing  ratios  of  the  order  80  to  1  20  mg/kg  with  continually  increas¬ 
ing  frost  points  up  to  100,000  feet  (Gutnick,  1962).  Early  Naval  Research 
Laboratories  measurements  showed  a  relatively  moist  stratosphere,  but  these 
experiments  are  now  being  questioned.  NHL  now  believes  their  recent  dry  sound¬ 
ings  to  be  more  representative  of  the  truth  and  lean  toward  a  1-  to  4-  mg/kg  mixing 
ratio  ( Mastenbrook,  1964).  The  dot-dashed  line  in  Figure  1  is  an  average  of  all 
frost-point  data  available,  both  dry  and  wet,  which  was  prepared  by  Gutnick  of 
AFCRL  about  two  and  a  half  years  ago.  The  dashed  curve  on  th«.  left  presents 
frost  points  associated  with  the  British  theory  of  constant  mixing  ratio  above  the 
tropopause.  At  32  km,  roughly  100,000  feet,  the  difference  in  the  frost  points, 
-70*C  and  -98*C,  yields  a  100-fold  difference  in  water  vapor  density.  An  IR 
signal  that  would  be  attenuated  in  100  miles,  assuming  the  British  dry  profile, 
would  be  lost  in  one  mile  if  average  conditions  were  encountered. 

As  author  of  a  chapter  on  the  upper  atmosphere  for  a  forthcoming  World 
Meteorological  Organization  publication,  outstanding  British  meteorologist, 

R.  G.  Murgatroyd,  one  of  the  scientists  responsible  for  the  constant  mixing  ratio 
theory,  now  states:  ".  .  .our  knowledge  of  the  distribution  of  water  vapor  above 
the  lower  stratosphere  is  very  limited  and  there  is  urgent  need  for  accurate 
measurements.  " 

Recognizing  the  problem,  AFCRL's  Laboratory  Director  approved  a  special 
experimental  program  for  resolving  the  stratospher  ic  humidity  controversy.  The 
total  AFCRL  effort  involves  the  development  of  a  new  humidity- measuring  instru¬ 
ment,  studying  the  problem  of  contamination  due  to  outgassing  during  a  flight,  and 
an  ambitious  program  of  collecting  humidity  data  during  a  one-year  period. 


2.  SKNSOHS  \MH\STW  MKMXTIUN 

Humidity  measurements  are  very  difficult  to  make  in  the  lower  stratosphere. 
Because  of  the  extremely  ^old  temperatures  present,  water-vapor  density  (the 
physical  parameter  that  must  be  sensed  to  measure  humidity)  even  for  saturation, 
is  five  orders  of  magnitude  lower  than  for  cold  winter  surface  conditions. 

Senrors  that  have  been  used  are  the  manually-controlled,  optical  dew  pointer, 
automatically  -  controlled  optical  dew  pointers,  cold-trap  and  chemical-absorption¬ 
sampling  devices,  and  infrared  sun-seeking  spectrometers. 
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Figure  1.  Controversy  Concerning  the  Amount  and  Distribution 
of  Stratospheric  Humidity 


Attempts  to  operate  several  types  of  instruments  from  the  same  balloon  plat¬ 
form  have  been  plagued  by  complexity  of  the  experimental  setup  so  that  neither  a 
real  synoptic  comparison  of  results  of  different  instruments  nor  a  real  check  of 
basic  calibration  at  extremely  low  vapor  pressures  has  been  obtained.  The  logical 
solution  would  be  to  compare  instruments  under  controlled  conditions,  but  there 
have  been  no  chambers  available  in  which  frost  points  of  -80*  to  -100*C  are  reached 
and  maintained. 

Hecently  Honeywell,  Inc.  ,  developed  a  chamber  for  testing  and  calibrating 
low-pressure,  low-temperature  frost-point  hygrometers  in  support  of  their  instru¬ 
mentation  effort.  AFCKL  is  now  in  process  of  obtaining  a  similar  chamber. 

Hopefully,  we  may  soon  have  some  valid  comparisons  of  several  types  of  instru¬ 
ments  and  be  able  to  make  a  more  careful  assessment  of  their  resulting  observations. 
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The  sensor  that  will  be  used  in  the  AFCHL  stratospheric  humidity  program  is 
the  alpha  radiation  frost-poirt  hygrometer  developed  by  Honeywell,  under  AFCHL 
contract  (Ballinger,  1963;  Rallinger,  Koehler,  Fricke  and  Murphy,  1964).  This 
instrument  operates  on  the  principle  of  maintaining  a  predetermined  thickness  of 
water  molecules  on  a  polonium  surface  which  is  temperature-controlled  at  the 
frost  point  by  monitoring  the  attenuation  of  alpha  radiation.  The  mass-sensing 
technique  of  this  hygrometer  permits  response  to  one  microgram- per- square- 
centimeter  change  in  water- layer  thickness.  The  model  being  used  in  the  AFCHL 
balloon  program  will  have  the  capability  of  measuring  frost  points  as  low  as 
-100"C. 


1.  111  !  I  VI  l)K\  KI.OI'MKM  S 

There  have  been  several  observations  of  stratospheric  moisture  since  AFCHL's 
attempt  to  make  sense  of  the  data  which  led  to  Gutnick's  now  famous  1961  JGH 
article,  "How  Dry  Is  the  Sky  ?" .  The  results  of  six  of  the  more  recent  flights  are 
shown  in  Figure  2.  The  solid  line  curve  on  the  right  is  Gutnick’s  Mean  Annual 
Mid-  Latitude  Moisture  Profile  which  was  subjectively  judged  to  be  representative 
of  all  the  available  data  in  1962. 

It  is  clearly  evident  that  all  the  recent  observations  have  tended  toward  the  dry 
(or  colder)  side.  This  could  be  due  to  greater  precautions  now  being  taken  to 
reduce  contamination  effects  that  were  undoubtedly  present  in  some  of  the  earlier 
soundings. 

The  three  profiles  shown  were  made  with  electronically- controlled  optical  dew 
point*  rs.  The  driest  profile,  on  the  left,  was  observed  during  descent  at 
Kwajalein,  M.  I.,  November  1963,  by  Dr.  Henry  Mastenbrook,  NHL.  This  is  one 
of  the  driest  soundings  obtained  in  a  series.  Nearly  the  entire  stratospheric  por¬ 
tion  is  within  NRL's  now-postulated  profile  of  constant  1-  to  4- mg/kg  mixing  ratio. 

Another  NHL  descent,  obtained  (January  1964)  in  Washington,  D.  C.  ,  is 
shown  by  the  dash-dot  line.  Once  again  the  profile  is  marked  by  the  decreasing 
frost  point  with  altitude,  however,  the  sounding  begins  increasing  in  mixing  ratio 
above  78,000  feet  where  Mastenbrook  suspects  that  the  contamination  outweighs 
the  actual  moisture  content  above  that  altitude. 

The  dotted  curve  represents  an  Army  Ballistic  Research  Laboratory  ascent 
over  Palestine,  Texas,  July  1964  (Mester,  1964).  Instrument  trouble  precluded 
observations  between  46,000  and  73,000  feet.  When  readings  were  resumed  the 
dew  point  increased  continually  until  near  the  top.  At  73,000  feet  the  mixing 
ratio  was  4  mg/kg,  and  increased  to  a  maximum  of  100  mg/kg  at  94,000  feet 
nearly  two  orders  of  magnitude  higher  than  for  the  NRL  soundings. 


ALTITUDE  (  KFT ) 
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Figure  2.  Frost  Point  CC)  and  Information 


The  four  "spot"  observations  were  obtained  by  spectroscopic  methods.  Data 
obtained  directly  measure  the  total  vapor  in  the  sampled  path  rather  than  the  vapor 
density  where  the  sensor  is  immersed. 
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The  two  circled  observations  were  Dr.  David  Murcray's  (University  of  Denver)  in 
May  1963.  for  Holloman  AFB,  N.  M.  (Murcray,  1964).  The  first,  at  an  altitude 
of  69,  000  feet  was  derived  by  making  two  observations  approximately  one  km  apart. 
The  difference  between  the  two  readings  can  be  assumed  to  be  the  water  vapor 
present  in  the  one- km  layer.  For  such  a  determination,  the  effect  of  contamination 
becomes  negligible.  As  long  as  the  contamination  is  the  same  at  both  levels,  the  pre- 
cipitable  water  averaged  for  the  layer,  will  be  free  of  contamination. 

Another  of  Murcray's  observations  was  made  at  the  top  of  the  sounding,  at 
float  altitude,  represented  by  the  other  circle  at  103,  000  feet.  Such  observations 
are  very  difficult  to  interpret.  Contamination  may  be  important  and  only  the  amount 
of  moisture  above  the  sensor  is  measured;  there  is  no  indication  as  to  the  distri¬ 
bution  of  this  moisture.  If  the  assumption  is  made  that  this  water  vapor  is  evenly 
distributed  up  to,  say,  50  km  where  the  total  pressure  is  more  than  an  order  of 
magnitude  lower,  the  total  water  content  in  terms  of  precipitable  water  can  be 
converted  into  an  average  mixing  ratio  between  the  assumed  pressure  levels.  This 
average  mixing  ratio  can  then  be  used  to  determine  a  "pseudo  frost-point  tempera¬ 
ture"  for  a  given  altitude.  Using  this  process,  Murcray's  observation  of  10  microns 
of  precipitable  water  above  103,  000  feet  produces  a  pseudo  frost  point  of  -73*C. 

In  an  experiment  to  determine  the  amount  of  water  vapor  in  atmosphere  of 
Venus,  Dr.  John  Strong,  Johns  Hopkins  University,  (AFCRL-supported)  observed 
98p  of  precipitable  water  in  the  sampled  path  between  his  sensor  and  Venus.  By 
using  a  Doppler- shift  analysis  between  Venus  and  the  sun,  5 p  of  this  precipitable 
water  was  determined  to  be  present  in  the  earth's  atmosphere  above  the  sensor, 
positioned  at  87,  500  feet.  This  value  reduces  to  a  frost  point  of  -75*C,  at  87,  500 
feet,  the  triangular  point  in  Figure  2. 

In  May  1964,  Dr.  David  M.  Gates,  National  Bureau  of  Standards,  conducted 
stratospheric  humidity  soundings  from  Palestine,  Texas,  using  a  high- resolution 
infrared  spectrometer  (Gates,  1964).  After  analyzing  the  data,  Dr.  Gates  thought 
the  spectra  were  partially  contaminated.  He  obtained  3p  of  precipitable  water  above 
90,000  feet,  which  reduces  to  a  frost  point  of  -80*C  at  that  altitude,  the  boxed 
point  in  Figure  2. 

The  proponents  of  the  dry  sky  theory  have  cited  the  quality  of  their  instruments, 
the  design  of  th**ir  packages  and  the  care  and  skill  in  preventing  moisture  contam¬ 
ination  during  launch  and  flight .  Since  the  amount  of  water  vapor  to  be  measured 
is  so  small,  the  spectre  of  moisture  contamination  is  a  real  one.  Poorly  designed 
packages  and  sloppy  operating  procedures  can  very  well  yield  measurements  of 
outgassed  moisture  which  was  carried  aloft  by  the  balloon  and  package,  instead 
of  moisture  present  in  the  ambient  air. 

This  contamination  problem  is  now  being  examined  through  a  special  series 
of  AFCRL  flights  designed  to  determine  to  what  extent  package  design  and  flight 
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profiles  contribute  to  moisture  observed  (Ballinger,  Fricke  and  Murphy.  1961). 
Measurements  of  atmospheric  moisture  will  be  made  from  various  balloon  and 
instrumentation  configurations.  One  instrument  package  will  be  placed  above  the 
balloon,  another  on  the  load-bar  directly  below  the  balloon  and  a  third  on  a  line 
2,  000  feet  below  the  balloon.  The  first  of  these  flights  is  scl,eduled  for  November 
of  this  year.  The  ultimate  test  will  be  a  comparison  of  data  from  the  three  posi¬ 
tions  of  the  instrument  packages  flown  simultaneously.  These  instruments  will  be 
calibrated  in  the  stra  ospheric  moisture  simulator. 

4.  STRATOSPHERIC  HI  MIDI'H  KXPKRIMKNTS 

The  major  AFCRL  stratospheric  humidity  effort  will  consist  of  a  series  of 
25  vertical  and  five  horizontal  balloon  flights.  These  will  be  launched  at  Chico, 
California.  Beginning  in  December  1964  two  vertical  soundings  will  be  launched 
each  month  for  a  period  of  a  year.  Figure  3  presents  the  proposed  flight  profile. 
The  vertical  flights  will  use  a  500,000-cubic-foot,  1.  5- mil  polyethylene,  valving- 
controlled  balloons  to  carry  the  payload  of  450  pounds  to  100,000  feet.  Both  as¬ 
cent  and  descent  rate  will  be  less  than  400  ft/min,  with  primary  emphasis  placed 
on  the  data  obtained  on  descent.  The  slow  ascent  and  descent  rates  are  necessary 
to  allow  sufficient  time  for  the  instrument  to  respond  to  the  very  slow  mass  trans¬ 
fer  rates  of  water  vapor  illustrated  by  Ballinger,  Koehler,  Fricke  and  Murphy. 
Tracking  and  recovery  skill  of  the  balloon  technicians  will  be  critical  since  the 
five  sets  of  equipment  will  be  reused  to  accomplish  the  25  vertical  flights.  All 
data  will  be  recorded  on-board.  Every  effort  will  be  carried  out  to  minimize 
moisture  contamination.  (See  Figure  4.)  All  components  open  to  the  atmosphere 
will  be  made  of  nonabsorbing  materials.  Ballast  will  be  baked  and  sealed. 

Closed  components,  not  necessary  for  sampling,  will  be  hermetically  sealed. 
Nylon  rope  will  be  used  for  reeling  out  a  line  which  will  lower  the  sensor  package 
2,  000  feet  below  ‘he  balloon  for  the  vertical  soundings.  Helium,  used  for  inflating 
the  balloon  will  be  as  contaminant-free  as  possible. 

The  effort  will  also  include  instrumented  horizontal  flights  of  several  days' 
duration,  a  unique  concept  in  sounding  the  stratosphere.  The  horizontal  flight 
profile  is  shown  in  Figure  5.  Horizontal  flights  of  500,000-cubic-foot,  2-mil, 
zero-pressure  vehicles  will  carry  a  1000-pound  payload.  They  will  carry  the 
same  type  of  sensor  equipment  as  the  vertical  flights  and  will  be  floated  for  10 
to  12  days  at  a  nominal  altitude  of  75,  000  feet.  Data  will  be  gathered  over 
thousands  of  miles  while  the  platform  passes  over  a  spectrum  of  mid- latitude 
tropospheric  weather  systems.  Observations  will  be  telemetered  every  two  hours 
through  the  FCC  network.  No  payload  recovery  is  anticipated.  Observations  of 
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TIME  — * 
Figure  3 


Figure  3.  Vertical  Soundings:  1.  25  Flights  (Approx.  2  Per  Month) 

2.  Duration  -  8  to  10  Hours  Per  Flight 

contamination  due  to  the  emission  of  tropospheric -absorbed  water  vapor  are 
anticipated  for  the  first  two  to  three  days  of  flight  but  at  least  a  week  of  uncon¬ 
taminated  data  are  expected  to  follow  the  drying- out  period  due  to  solar  baking. 

The  objective  of  the  AFCRL  stratospheric  humidity  program  is  to  determine 
vertical  and  horizontal  distributions  and  seasonal  variations  of  stratospheric 
humidity,  and  to  correlate  these  moisture  distributions  with  tropospheric  weather 
systems.  Through  this  program  we  hope  to  contribute  toward  answering  the  prob¬ 
lem  posed  in  1961  by  Murray  Gutnik,  in  his  article,  "How  Dry  Is  the  Sky?". 
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PRELAUNCH  PRECAUTIONS 

1.  Materials  will  be  sealed  in  desicants 

2.  Ballast  will  be  baked  and  sealed 


INFLIGHT  PRECAUTIONS 
Platform 

Non-metal  items  will  be  sealed  in 
polyethylene  to  prevent  obsorption 
of  tropospheric  moisture  on  ascent 


2,000  ft.  Nylon  Load  Line  to  be  reeled  out 
after  launching 


Sensor  package 

. Stainless  steel  container 


Figure  4.  Precautions  Against  Water  Vapor  Contamination 
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Figure  5.  Horizontal  Soundings:  1.  5  Flights  (Spaced  Over  One  Year) 

2.  Duration  -  10  to  12  Days  Per  Flight 
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XXIII.  Balloon-Supported  Platforms 

in  Communications 

Otorlts  A.  Strom,  Jr.  and  Cite  N.  Lavrtnct 
Rom*  Air  D*v*!9pm«rn»  C*nt*r 
Rom*,  N*w  York 


Abstract 


This  paper  considers  some  possible  uses  of  balloons  to  enhance  the  line-of- 
sight  distances  over  which  microwave  radio  frequency  communications  can  be 
used.  Both  tethered  and  free-floating  balloons  are  discussed  as  supporting  plat¬ 
forms  for  both  active  and  passive  radio  repeater  stations.  The  broad  needs  of 
microwave  radio  communications  are  outlined  and  the  more  serious  problem  areas 
of  applying  balloon  techniques  summarized. 


i.  THE  COMMUNICATIONS  PROBLEM 

The  microwave  communication  problems  in  need  of  solution  are  several.  To 
begin  with,  more  bandwidth  is  needed.  This  is  available  only  by  going  to  higher 
radio  frequencies.  This  in  turn  places  a  premium  on  line-of- sight  type  radio 
transmission.  Second,  there  is  a  simultaneous  need  for  less  interference  and 
more  privacy.  And  of  course  there  is  a  standing  need  for  anti- jam  capability. 
This  suggests  the  use  of  highly- directional  anterv.as  and,  from  size  and  weight 
considerations,  again  points  to  the  use  of  higher  frequencies.  Third,  economy  in 
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the  use  of  communications  is  paramount.  This  suggests  sharing  facilities  among 
several  users  and  preferably  serving  several  users  simultaneously.  This  again 
calls  for  greater  bandwidth  and  therefore  higher  frequencies. 

Fourth,  there  is  a  standing  need  for  circuit  reliability.  We  cannot  tolerate, 
for  example,  the  dropouts  on  high-frequency  radio  circuits  caused  by  magnetic  storms 
storms  and  their  associated  high  background  noise.  Line-of- sight  networks  should 
improve  this  situation.  Fifth,  improved  survivability  stands  high  on  any  list  of 
communication  needs.  To  reduce  the  number  of  stations  in  a  line-of-sight  network 
should  numerically  reduce  the  odds  of  system  failure.  Here  we  can  easily  go  off 
the  deep  end,  however,  unless  we  remember  a  balloon  is  not  as  sturdy  as  a  steel 
tower. 

Sixth,  any  changes  in  the  communications  system  should  be  readily  adaptable 
to  present  plant.  In  this  way  growth  can  be  realized  by  expansion  of  existing 
facilities.  Seventh,  the  communications  that  we  install  now  and  plan  for  the  future 
should  be  compatible  with  the  Communication  Master  Plan  of  the  Department  of 
Defense.  This  means  the  ability  to  handle  multichannel  voice,  low-  and  high-speed 
digital  data,  unusual  modulation  techniques  like  enciphered  voice  and  video  trans¬ 
missions.  Eighth,  and  perhaps  to  repeat  in  part,  whatever  communication  facilities 
or  approaches  we  use,  they  must  possess  suitable  growth  potential  to  adjust  to 
changing  requirements. 

The  requirements  for  greater  bandwidth,  hence  higher  frequencies,  and  for 
spanning  greater  line-of- Bight  distances  places  a  premium  on  very-high- altitude 
platforms.  Perhaps  one  of  the  simplest  and  most  direct  applications  would  be  the 
use  of  a  balloon  to  support  an  echo  type  passive  repeater  in  the  "scatter  volume" 
zone  of  a  tropospheric  radio  transmission  link.  This  establishes  a  common  line- 
of-sight  point  and  transmission  path  computations  indicate  recovery  of  70  percent 
of  the  57-db  loss  normally  attributed  to  the  tropospheric  scatter  mode  in  compari¬ 
son  with  free  space.  Based  on  d  *  y  2h,  where  d  is  in  miles  and  h  in  feet,  it  works 
out  the  smooth  earth  line-of-sight  distance  of  a  balloon  tethered  at  20,  000  feet  as 
200  miles,  that  is,  two  tropospheric  scatter  radio  stations  separated  400  miles 
can  be  brought  within  effective  line-of-sight.  If  a  pseudo  passive  repeater  con¬ 
sisting  of  an  array  of  helical  antennas  and  suitably  biased  tunnel  diodes  were  used 
an  additional  20  db  can  be  realized  above  the  passive  configuration. 

There  are  several  other  possible  configurations  as  will  be  described  briefly. 

One  is  a  balloon- supported  active  repeater.  Such  a  repeater  can  of  course  be 
narrow  band  or  broad  band.  It  can  be  located  at  midpoint  between  stations  or 
directly  over  a  central  or  command  location.  Such  supporting  balloons  can  be 
either  tethered  or  free  floating  as  best  serves  the  operational  requirement.  A 
tethered  balloon  at  10,000  feet  centrally  located  could  provide  line-of-sight 
coverage  in  an  area  of  130  mile  radius  about  this  center.  By  means  of  one  of  the 
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several  random  access,  discreet  address  techniques  now  under  consideration,  user 
to  user  communications  can  be  provided  between  all  parties  in  this  area  of  coverage. 

Another  application  that  appears  attractive,  referred  to  above  as  "narrow  band", 
is  extending  the  range  of  ground-to- aircraft  command  and  control  coverage  by  the 
use  of  a  tethered  or  a  free  floating  balloon.  In  the  first  case  we  are  thinking  of 
10,  000  feet;  in  the  latter  of  70  to  90,  000  feet.  If  an  aircraft  under  control  were 
flying  at  30,000  feet  the  maximum  range  of  iine-of-sight  under  optimum  conditions 
would  be  of  the  order  of  1, 000  miles.  Such  a  repeater  could  be  launched  from 
ground,  from  aircraft,  or  by  means  of  a  rocket,  depending  on  position,  time, 
operational  requirement  and  acceptable  cost. 

Another  application  of  airborne  comr  unications  equipment  is  in  the  area  of 
survivable  communications  and  communications  restoration.  Here  we  are  thinking 
of  large  manned  platforms  similar  to  the  Navy  dirigibles  of  World  War  II.  This 
could  include  multiple  frequency,  broad  band  radio  terminals,  a  switching  and 
traffic  routing  capability  and  emergency  Command  Post  facilities  of  the  type  adapted 
to  limited  war  operations.  Initially  such  a  device  operating  as  a  flying  laboratory 
would  facilitate  solution  of  many  problems  related  to  the  use  of  balloons  as  commun¬ 
ication  platforms.  A  small,  lightweight,  well  streamlined,  "drone"  version  of 
such  a  dirigible  capable  of  hovering  in  a  specified  zone  for  two  or  three  days  at 
20  to  30,000  feet  as  a  live-radio-repeater  platform  holds  some  interesting  possibilities. 
Electric  power  derived  from  the  propelling  power  plant  would  permit  radio-fre¬ 
quency  energy  levels  sufficient  to  assure  reliable  propagation  over  line-of- sight 
distances  involved  and  perhaps  without  the  use  of  highly- directional  antennas 
required  to  compensate  prime  power  restrictions  of  a  tethered  balloon  platform. 

2.  GENERAL  CONSIDERATIONS 

Asa  point  of  philosophy  it  may  be  well  to  note  that  in  the  military,  commun¬ 
ications  have  virtually  always  the  nature  of  a  support  function  and  receive  second¬ 
ary  consideration  with  respect  to  weapons  apd  weapon  detection  and  neutralizing 
devices.  On  the  other  hand,  without  the  cohesive  aspect  of  a  communication  net¬ 
work,  organization  as  such  does  not  even  exist,  let  alone  function  in  the  specialty 
for  which  it  was  conceived  and  established.  It  is  customary  therefore  to  take 
communications  for  granted  to  such  an  extent  that  any  acceptable  communication 
complex  must  function  on  a  "no  break"  basis,  24  hours  per  day,  365  days  per 
year. 

There  are  other  areas  of  general  considerations  that  are  more  or  less  self 
explanatory.  As  in  the  case  of  any  equipment  considered  for  military  use,  certain 
basic  criteria  must  be  met.  It  must  be  technically  feasible,  economically 


276 


acceptable  and  operationally  attractive  or  it  doesn't  have  much  chance  of  finding 
its  way  into  inventory.  By  operationally  attractive  we  mean  easy  to  transport, 
handle,  install  and  maintain  and  make  a  vital  contribution  to  the  assigned  mission. 

In  addition  to  the  availability  and  reliability  of  a  balloon  as  a  communication 
platform,  radio  communications  must  be  designed  with  a  fade  margin.  Here  we 
must  take  into  account  at  least  propagation  fade,  equipment  variation,  and  antenna 
misalignment.  The  need  for  a  suitable  high  altitude  platform  to  extend  the  line-of- 
sight  coverage  of  microwave  (broadband)  radio  dates  from  the  inception  of  its 
use  in  the  late  1930's.  The  fact  that  balloons  are  not  in  wide  use  for  this  purpose 
now,  25  years  later,  suggests  major  problems.  It  is  realized  that  great  strides 
are  being  made  in  balloon  technology  however,  and  we  as  communication  engineers 
are  making  an  effort  to  have  at  hand  suitable  ground  and  airborne  communication 
gear  by  the  time  some  of  the  problems  in  the  use  of  balloons  have  been  resolved. 

An  area  in  which  circumstances  might  justify  early  use  of  balloons  is  jungle 
environment.  Here  we  may  find  a  Double  incentive;  the  fact  that  communications 
are  generally  nonexistent,  and  the  need  to  get  above  the  forest  canopy  to  avoid 
the  severe  attenuation  of  radio  signals  being  propagated  through  dense  foliage  at 
a  low  take-off  angle.  If  we  assume  a  canopy  approximately  100  feet  above  ground 
and  a  balloon  tethered  500  feet  above  the  ground  for  smooth  earth  we  can  assume 
line-of-sight  to  a  point  of  tangency  25  to  30  miles  distant.  Here  we  would  still  be 
faced  with  the  problem  of  getting  through  the  canopy  at  a  thin  angle  at  the  remote 
end.  If  we  use  another  balloon  tethered  at  500  feet  the  distance  can  be  approximate¬ 
ly  doubled,  but  now  we  are  faced  with  the  problem  of  two  balloons  on  a  single  link. 

Some  of  the  difficulties  anticipated  in  the  use  of  balloons  in  support  of  com¬ 
munications  are  summarized  as  follows:  first,  there  is  need  of  a  suitable  cleared 
area  to  avoid  tether  fouling.  Improvement  in  ground  handling  facilities  might  ease 
this  problem.  Second,  around-the-clock  ground  support  for  balloons  is  needed. 

An  essentially  unattended  operation  is  desirable.  Third,  there  is  need  for  periodic 
"topping-off"  of  the  balloon  with  buoyant  gas.  Again  it  would  be  desirable  if  this 
could  be  done  on  a  demand  basis  without  lowering  the  balloon.  Fourth,  it  is  neces¬ 
sary  to  make  balloons  less  vulnerable  to  seasonal  weather  extremes.  New  fabrics 
and  handling,  bridling  and  tethering  techniques  may  hold  promise  in  this  area. 

Fifth,  balloons  pose  a  hazard  to  friendly  aircraft.  This  may  necessitate  the 
development  of  a  specialized  radio  transponder  or  some  new  approach  to  assure  air¬ 
craft  safety.  Sixth,  balloons  could  provide  fixed  markers  for  enemy  attack.  This  is  an 
operational  problem  which  can  be  solved  in  part  by  judicious  deployment  away  from 
communication  and  command  centers.  Seventh,  we  currently  lack  suitable  prime- 
power  sources  for  use  with  active  balloon-borne  radio  repeater  equipments.  Eighth, 
there  is  at  present  no  equipment  available  to  maintain  orientation  of  a  high- gain, 
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pencil-beam-type  antenna  on  board  a  balloon.  Antenna  design  improvements,  ap¬ 
plication  of  tracking  methods,  and  some  stabilization  of  the  airborne  platform 
should  help.  Ninth,  extremely  lightweight  electronic  packages  need  to  be  assembled. 
Techniques  are  available,  but  packaging  has  yet  to  be  done. 

The  picture  really  Isn't  all  black  however.  For  example,  there  are  in  various 
stages  of  progress  at  Rome  Air  Development  Center  (RADC)  several  balloon- related 
projects  among  which  are: 

a.  Development  of  a  100-watt  butane-fired  thermoelectric  prime-power 
source  for  balloon  use. 

b.  Development  of  a  balloon-borne  UHF  repeater  which  could  extend  ground- 
to-air  control  coverage  to  ultimate  ranges  of  500  to  1000  miles. 

c.  Design  and  development,  which  is  well  along,  of  a  pseudo- passive  micro¬ 
wave  repeater,  the  prime-power  requirements  for  which  is  quite  small. 

d.  Exploration  of  the  feasibility  of  transmitting  primary  power  to  balloons  by 
beamed  radio  energy. 

e.  As  a  result  of  work  on  another  project,  some  microwave  radio  repeater 
hardware  suitable  for  use  in  a  balloon-borne  complex  should  become  available  in 
about  18  months. 

f.  A  balloon-borne  microwave  transponder  is  currently  being  used  as  a  bore- 
sighting  target  for  radar  antenna  alignment.  This  could  serve  in  part  as  a  test 
bed  for  pseudo- passive  circuit  elements. 

g.  A  project  is  being  initiated  to  examine  the  feasibility  of  transmitting  pri¬ 
mary  power  to  balloons  along  a  metallic  tether  with  a  "G  String"  type  radio- 
frequency  transmission. 

h.  Similarly  it  is  proposed  that  a  project  be  initiated  to  consider  the  use  of 
flat  and  partial  spherical  surfaces  for  reflecting  directional  microwave  beamed 
energy  from  balloons  toward  selected  terminal  stations. 

3.  <  ONCI.I  SIONS 


In  the  area  of  tethered  balloons  suitable  for  communications  platforms  much 
remains  to  be  done.  Ruggedness,  long  endurance,  stability  and  suitable  power 
sources  head  the  list.  Much  in  the  way  of  simplification  and  automation  needs  to 
be  worked  out.  In  the  area  of  free-floating  balloons  some  attractive  applications 
seem  already  within  reach,  the  only  remaining  problem  being  to  work  out  payloads. 

What  the  future  holds  in  the  use  of  balloons  for  the  solution  of  communications 
problems  is  not  easy  to  foretell.  Some  day  microwave  radio  repeaters,  riding  the 
natural  currents  of  the  thin  upper  reaches  of  the  stratosphere  and  powered  with 
solar  cells,  may  bridge  great  distances,  competing  in  a  small  way  with  orbiting 
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vehicles,  and  certainly  at  a  fraction  of  the  cost  of  many  of  the  present  globe- 
encircling  networks.  The  possibilities  are  remarkable. 
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XX'Y.  The  Rotation  of  Balloons 
at  Floating  Altitude* 

A.  E.  G»rm*l«s 
Arthur  D.  Little,  Inc. 
Cambridge,  Massachusetts 


Abstract 


The  use  of  high-altitude  balloons  as  stable  platforms  for  meteorological  and 
astronomical  observatories  necessitates  an  investigation  of  the  dynamic  behavior 
of  balloons.  This  report  deals  with  the  azimuthal  rotations  of  the  balloon- gondola 
system.  The  aerodynamic  damping  and  inertia  of  the  system  have  been  mathemat¬ 
ically  formulated  and  experimentally  verified.  The  forcing  torque,  mostly  aero¬ 
dynamic  in  nature,  has  been  described  and  its  order  of  magnitude  has  been 
estimated  for  known  balloon  rotations. 

These  rotations  have  been  alleviated  in  the  past  by  control  systems  which 
orient  the  gondola  by  reaction  torques  applied  to  the  balloon.  The  aerodynamic 
parameters  which  are  evaluated  in  this  report  can  be  useful  in  the  design  of  such 
a  control  system. 


♦This  talk  was  based  on  a  research  paper  of  the  same  title  by  Mr.  Germeles  and 
R.  M.  Lucas,  of  Arthur  D.  Little,  Inc.,  and  E.  R.  Benton  of  the  National  Center  for 
Atmospheric  Research,  Boulder,  Colorado.  The  report,  dated  December  1 963,  was 
prepared  for  theOffice  of  Naval  Research  under  Contract  No.  Nonr  3164(00).  -  Editor. 
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XXV.  A  Balloon-Borne  Microphone  System 

John  W.  Coffman 

U.  S.  Army  Electronics  Research  and  Development  Activity 
Environmental  Sciences  Directorate 
White  Sondd  Missile  Range,  New  Mexico 


Abstract 


This  paper  describes  a  balloon-borne  microphone  system  developed  at 
White  Sands  Missile  Range,  New  Mexico,  during  the  period  from  1958  to  1961 
(See  References:  Webb,  Coffman  and  Clark,  1959),  In  a  following  paper,  John 
Wescott  describes  the  use  of  this  system  in  the  measurement  of  low-frequency 
background  noise  at  high  altitudes.  The  instrument  was  to  have  a  frequency 
response  of  0.  1  cps  to  100  cps,  a  dynamic  range  of  0.  01  to  10  microbars,  an  ex¬ 
pected  lifetime  of  12  hours,  a  weight  of  less  than  six  pounds,  and  was  to  cost  less 
than  100  dollars.  Most  of  thest  goals  were  met,  and  the  system  which  evolved 
incorporated  several  unique  features. 


1.  BALLOON  SYSTEM 

The  simplest  component  of  the  balloon-borne  microphone  system  was  the 
balloon.  Two  types  of  constant -level  balloons  were  used:  a  polyethylene  teardrop 
with  an  open  vent  at  the  base,  and  a  neoprene  sphere  with  a  valve  arrangement. 


Figure  1  is  a  photograph  of  the  polyethelene  balloon  during  inflation.  This 
balloon  was  small,  roughly  30  feet  in  gore  and  15  feet  in  diameter  when  fully  dis¬ 
tended,  and  was  therefore  easily  released  under  most  circumstances.  Venting  was 
accomplished  by  means  of  an  opening  adjacent  to  the  load  fitting  in  the  bottom  of 
the  balloon.  Ascent  rates  of  between  600  and  800  feet  per  minute  were  obtained 
with  a  payload  of  six  pounds  and  an  initial  inflation  volume  of  350  cubic  feet  of 
helium. 


Figure  1.  Polyethylene  Balloon  During  Inflation 


Figure  2  is  a  performance  chart  for  the  polyethylene  balloon.  Assuming  a 
standard  atmosphere,  the  altitude  range  is  seen  to  be  87  to  68  thousand  feet, 
corresponding  to  no  load  and  six  pounds  of  load  respectively.  In  the  actual  opera¬ 
tions,  an  effective  method  of  selecting  lower- level  float  altitude  was  evolved  with¬ 
out  increasing  the  load.  The  balloon  was  reduced  in  volume  by  the  simple  expedient 
of  tying  it  off  from  the  top.  This  was  esthetically  displeasing,  but  provided 
adequate  results.  With  the  temperature  at  the  float  altitude  known,  the  balloon 
could  be  floated  within  a  few  thousand  feet  of  the  desired  altitude. 

The  neoprene  balloon,  which  was  used  to  some  extent,  incorporated  a  unique 
arrangement  for  achieving  constant- level  performance.  This  float  mechanism  is 
schematically  represented  in  Figure  3.  The  device  consists  of  a  ribbon  wound 
around  a  reel  which  is  fastened  to  a  flapper  valve  at  the  base  of  the  balloon.  A 
second  ribbon  or  tape  is  passed  through  an  opening  in  the  top  of  the  balloon  which 
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is  sealed  with  a  cork.  Prior  to  release  of  the  balloon,  a  predetermined  amount  of 
tape  is  pulled  from  the  balloon  -  the  amount  depending  upon  the  load  and  altitude 
desired.  The  cork  is  replaced,  the  balloon  is  released,  and  as  it  expands  with 
altitude,  the  reel  unwinds  until  its  tape  is  fully  extended,  the  flapper  valve  then 
vents  gas,  and  the  balloon  stabilizes.  A  performance  curve  for  this  balloon,  assum¬ 
ing  the  1962  U.  S.  Standard  Atmosphere  and  a  six- pound  payload,  is  shown  in 
Figure  4. 


Figure  2.  Polyethylene  Balloon  Performance 


The  final  comment  on  the  balloon  system  concerns  a  ballasting  device  (Figure  5) 
which  was  developed  to  alleviate  the  problem  of  the  descent  of  the  constant  pressure 
balloons  at  sundown.  A  telescoping  rod  atop  the  bellows  maintains  a  constant 
pressure  on  the  ball  valve  as  the  balloon  ascends.  A  slight  backlash  in  the  mechan¬ 
ism  maintains  the  pressure  while  the  balloon  is  at  float  altitude,  but  if  the  balloon 
decends,  the  bellows  will  contract,  releasing  the  ball  and  thereby  the  fluid  ballast. 
The  device  was  designed  to  release  ballast  and  stabilize  the  balloon  through  one 
sunset. 
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2.  TELEMETRY  SYSTEM 

The  telemetry  scheme  of  the  system  was  patterned  after  the  radiosonde,  due 
to  the  availability  of  the  Rawin  Set  AN/GMD-1A,  which  uses  a  PDM-AM  modulation 
(Clark,  1961)  .  However,  due  to  the  broad  bandwidth  of  the  data,  a  pulse  rate  of 
3000  pps  was  used  instead  of  the  240  pps  maximum  of  the  radiosonde.  A  block  dia¬ 
gram  of  the  telemetry  system  is  shown  in  Figure  6.  The  electrometer  tube  of  the 
microphone  was  followed  by  one  stage  of  gain  and  the  modulation  circuit,  a  voltage- 
controlled  blocking  oscillator.  The  output  of  the  RF  stage  was  thus  pulse- modulated 
by  the  blocking  oscillator  at  a  rate  proportional  to  the  voltage  of  the  microphone 
circuit. 

A  block  diagram  of  the  receiving  system  is  shown  in  Figure  7.  The  output  of 
this  system  was  suitable  for  standard  chart  recorders.  It  was  necessary  to  modify 
the  GMD  receiver  due  to  the  higher  carrier  rate.  The  overall  frequency  response 
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of  the  system  is  shown  in  Figure  8  with  the  3-db  points  of  the  system  at  0.  14  and 
200  cps. 


Figure  4.  Float  Altitude  of  Neoprene  Balloon  vs  Valve  Cord  Length 


The  modulation  characteristic  of  the  entire  system  is  shown  in  Figure  9. 
Quite  large  percentages  of  deviation  of  the  subcarrier  were  tolerated  without  loss 
of  linearity,  hence  a  large  range  of  pressure  fluctuations  was  sensed  with  good 
fidelity. 


3.  FLIGHT  INSTRI  MKNT 

The  c  onfiguration  of  the  flight  instrument  is  shown  in  Figure  10.  The  instru¬ 
ment  was  divided  into  three  compartments  containing  the  parachute,  the  battery, 
and  the  electronics.  The  upper  compartment  contained  the  battery,  the  lower  half 
was  occupied  by  the  electronics ,  and  the  parachute  was  contained  in  the  cell  on 
the  side. 
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Figure  6.  Block  Diagram  of  Instrument 
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Figure  7.  Receiving  System  -  Block  Diagram 
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Figure  10.  Cut-Away  View  of  Pulsonde  Acoustic  Sensing  De 
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The  heart  of  the  instrument  was  a  capacitor  microphone  with  a  coated  mylar 

diaphragm  and  a  large  pressure- reference  chamber.  In  Figure  11,  the  essential 

construction  details  of  the  microphone  are  shown.  The  separation  between  the 

diaphragm  and  the  back  plate  was  about  5  mils.  The  pressure- reference  chamber 

3 

had  a  volume  of  approximately  150  cm  .  The  pressure  leak  of  the  chamber  was 
constructed  of  a  piece  of  stainless  tubing,  20  mils  inside  diameter  x  1  inch  long, 
which  gave  the  chamber  a  time  constant  of  approximately  two  seconds. 
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Figure  11.  Capacitor  Microphone 


The  microphone  and  its  associated  electrometer  tube  comprised  a  0-db  micro- 

.  2 

phone,  that  is,  one  volt  output  for  an  input  of  one  dyne/cm  .  This  high  output  was 

accomplished  by  means  of  the  high-compliance  diaphragm,  and  by  using  the  electrom- 

2 

eter  as  a  stage  of  gain.  In  addition,  the  microphone  had  a  large  area,  14  cm  , 
which  lowered  the  electrical  low-frequency  cutoff  of  the  microphone  due  to  the 
increased  capacity  of  the  microphone. 
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The  high  sensitivity  of  the  microphone  was  offset  by  two  disadvantages:  large 
pressure  oscillations  would  cause  the  electrometer  tube  to  bias  itself  to  a  cutoff 
condition,  and  the  microphone  sensitivity  was  a  function  of  the  ambient  pressure 
because  of  the  high  compliance  of  the  diaphragm  (Izquierdo,  1961).  The  firs* 
difficulty  was  solved  by  the  simple  expedient  shown  in  Figure  12.  A  neon  bulb 
across  the  plate  and  grid  of  the  electrometer  is  not  normally  conducting,  but  if 
the  grid  swings  to  cutoff,  and  therefore  the  plate  reaches  the  supply  voltage,  the 
neon  bulb  will  fire  and  restore  the  tube  to  a  conducting  condition. 
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The  other  difficulty,  the  pressure  sensitivity  of  the  microphone,  was  solved 
by  measuring  in  a  vacuum  chamber  the  change  in  response  of  the  microphone  with 
pressure.  An  electrical  pulse  was  periodically  injected  into  the  screen  grid  of 
the  electrometer  tube  to  provide  a  continuous  monitor  of  the  electronic  response 
of  the  instrument.  During  the  development  of  the  instrument,  an  electrostatic 
acoustic  calibrator  was  tried  and  abandoned  due  to  the  stringent  shielding  require¬ 
ment  necessary  for  its  use.  Another  calibration  device  which  was  included  in  the 
instrument  was  a  small  loudspeaker  situated  a  snort  distance  in  front  of  the  micro 
phone  and  pulsed  at  intervals  by  a  relaxation  oscillator.  The  cone  of  this 
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loudspeaker  had  a  large  mass  since  roughly  100  grams  of  soft  iron  was  glued  to  the 
cone  to  provide  a  transducer  with  a  high  Q  and  low  resonant  frequency.  This  device 
provided  a  highly-damped  sinusoid  at  90  cps,  which  was  used  primarily  as  a  check 
upon  the  performance  of  the  microphone.  A  baroswitch  in  the  cut-down  system 
was  used  to  vary  the  time  interval  between  the  acoustic  pulse  and  thus  give  a 
measure  of  the  altitude  of  the  instrument. 

The  cut-down  system  contained  within  the  instrument  incorporated  a  low- voltage 
relay  to  fire  a  guillotine  squib  device  when  the  filament  battery  voltage  fell  below 
4  volts,  and  an  altitude  cut- down  which  incorporated  a  baroswitch  to  energize  the 
squib  when  the  altitude  of  the  instrument  fell  below  44  thousand  feet. 

In  retrospect,  the  most  severe  constraint  upon  the  immediate,  successful 
design  of  the  microphone  system  was  the  six-pound- weight  limitation.  The  weight 
limitation  precluded  complex  electronics,  battery  systems,  environmental  control 
devices  and  ground  control. 

The  instrument  was  used  successfully  in  the  form  described  for  many  flights, 
and  several  modified  forms  were  developed  for  specific  tests.  The  instrument 
was  easily  adapted  to  measurement  of  variables  other  than  pressure  and  is  still 
occasionally  flown  in  a  form  adapted  to  pressure  measurements  of  shock  waves. 
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XXVI.  Acoustic  Detection  of  High- 
Altitude  Turbulence  * 

John  W.  W«*cott 
MTI  Rodor  Laboratory 
Institute  of  Scionco  ond  Technology 
The  University  of  Michigan 


Abstract 


The  causes  of  low-frequency  acoustic  background  noise  that  was  monitored  from 
instrumented  balloons  floating  at  about  60,000  feet  were  investigated.  Tape-recorded 
samples  of  the  noise  were  analyzed.  Spectrograms,  signatures,  cross-correlations 
and  probability- density  curves  were  obtained.  Examples  are  shown.  The  results 
indicate  that  clear-air  turbulence  is  one  of  the  principal  sources  of  infrasound  in 
the  upper  air.  A  theory  for  the  power  spectrum  of  the  far-field  noise  radiated  from 
the  turbulence  is  cited,  and  the  predicted  spectrum  is  compared  to  experimental 
results. 


As  the  title  of  this  paper  implies,  it  is  possible  to  detect  the  sound  radiated 
by  high- altitude  turbulence- -that  is  turbulence  at  jet-stream  altitudes.  Free- 
floating  balloons  and  instruments  described  in  the  preceding  paper  were  used  to 


*The  instrumented  balloons  and  financial  support  for  this  work  were  provided 
by  U.  S.  Army  Electronics  Research  and  Development  Activity,  White  Sands  Missile 
Range. 


do  this.  Acoustic  monitoring  from  free-floating  balloons  is  nothing  new.  The  use 
of  tne  infrasonic  frequency  range  to  detect  the  far- field  sound  of  atmospheric  tur¬ 
bulence  is  new.  The  free-floating  feature  of  balloons  proved  to  be  very  useful  to 
this  investigation  since  it  enabled  the  acoustic  detectors  to  drift  in  unison  with  a 
local  air  mass.  This  feature  reduced  local  wind  noise  to  a  minimum. 

The  central  concern  of  this  paper  is  to  settle  the  questions  of  whether  the 
energy  detected  is  truly  acoustic,  and  whether  it  is  energy  radiated  from  atmos¬ 
pheric  turbulence.  To  answer  these  questions  several  different  types  of  data 
analysis  were  employed.  Spectrograms,  signatures,  cross-correlations  and 
probability- density  curves  were  produced  from  the  data.  These  results  were  com¬ 
pared  to  a  theoretical  prediction  for  the  acoustic  power  spectrum  of  turbulence. 

The  evidence  seems  very  strong  that  turbu’ence  is  the  principal  source  of  acoustic 
background  noise  at  high  altitudes. 

The  first  data  were  recorded  from  a  single  balloon  and  microphone-transmitter. 

A  detailed  time-history  of  the  acoustic  spectrum  was  produced,  and  atypical  segment 

from  this  analysis  is  shown  in  Figure  1.  A  complete  spectrum  analysis  was  made 
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every  two  seconds  in  real  time.  The  peak  acoustic  amplitude  is  about  0.2  dynes/ cm  at 
the  low-frequency  end  of  each  frame  in  Figure  1 .  The  frequency  scale  is  0  to  150  cps. 

The  important  things  to  note  are  the  shape  of  the  spectrum  (its  amplitude  decreases 
with  frequency  at  a  rate  of  about  6  db/ octave)  and  the  time -steady  nature  of  the  spectrum. 

Figure  2  shows  a  more  qualitative  type  of  spectrum  analysis.  In  this  figure 
the  amplitude  of  the  acoustic  signal  is  roughly  proportional  to  the  darkness  of  th£ 
record,  while  frequency  reads  from  left  to  right  and  time  proceeds  from  top  to 
bottom.  By  definition  this  is  an  acoustic  signature  since  it  shows  the  time-history 
of  a  frequency  spectrum.  This  four- minute  segment  of  data  shows  the  Doppler 
effect  that  occurs  whenever  a  piston-engine  aircraft  comes  within  acoustic  range 
of  a  balloon-borne  microphone,  passes  by  and  then  recedes  in  the  distance.  Note 
the  double  trace  for  the  main  Doppler  signal.  The  more  steeply  sloped  portion  shows 
the  sound  that  propagated  directly  from  aircraft  to  probe.  The  trace  having  less  slope 
indicates  a  reflected  path  from  aircraft  to  earth  to  probe.  A  faint  Doppler  curve  at 
higher  frequencies  is  at  the  second  harmonic  of  the  piston  firing  rate.  This  type 
of  sound  is  rich  in  harmonics. 

There  are  short  horizontal  traces  occurring  about  once  every  22  seconds 
in  Figure  2.  These  were  generated  by  an  altitude-sensing  device  in  the  balloon- 
borne  probe.  As  described  in  the  preceding  paper  the  repetition  rate  of  this  device 
was  inversely  proportional  to  altitude  and,  for  the  example  shown,  indicates  an 
altitude  of  60,000  feet.  Finally,  notice  the  time- steady  nature  of  the  spectrum 
below  30  cps,  with  most  of  the  energy  in  this  region  at  the  very  low  frequencies. 

This  is  in  agreement  with  Figure  1  and  is  the  region  of  interest  for  studying  tur¬ 
bulence. 


Figure  1.  Time  Series  of  Acoustic  Spectra 


AIRPLANE  DOPPLER  ANALYSIS 
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0-300  ~  Airplane  from  Flight  2420  25  August  1960  +6  db 

Figure  2.  Piston  Aircraft  Signature 
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It  was  decided  to  take  advantage  of  the  time- steady  property  of  the  lower  fre¬ 
quency  data.  Accordingly,  some  tape  loops  were  made  and  processed  through  an 
accurately-calibrated  spectrum  analyzer.  Tape  recordings  from  over  30  instru¬ 
mented  flights  were  analyzed.  The  highest,  the  lowest,  and  two  typical  interme¬ 
diate  levels  of  recorded  background  noise  are  shown  in  Figure  3.  These  curves 
show  acoustic  pressure  level  per  cycle  plotted  against  frequency.  Note  that  each 
of  these  curves  has  a  spectrum  that  falls  off  with  frequency  at  about  6  db/octave. 

But  the  most  dramatic  point  of  Figure  3  is  that  it  shows  a  30-lb  db  diurnal 

variation  in  acoustic  noise  level.  In  the  1-cps  region  the  diurnal  variation  in 
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acoustic  pressure  is  from  0.03  to  1  dyne/cm  .  Assuming  the  noise  was  produced 
by  turbulence,  there  must  have  been  either  large  diurnal  changes  in  nearby 
turbulent  activity  or  large  changes  in  dista  .ce  between  an  acoustic  probe  and 
the  turbulence  detected. 

I'p  to  this  point  acoustic  monitoring  was  done  with  a  single,  balloon-borne 
microphone  and  transmitter.  The  stability  of  an  inexpensive,  free-floating  balloon 
at  altitudes  of  60,  000  feet  was  questioned,  and  it  was  suggested  that  the  microphone 
might  be  sensing  air  flowing  past  its  diaphragm  rather  than  a  true  acoustic  signal. 

It  was  decided  to  settle  this  matter  by  launching  two  widely- separated  acoustic 
probes  on  a  single  balloon  system.  If  the  same  signal  were  detected  by  both  probes 
it  would  mean  that  a  legitimate  acoustic  signal  was  present.  Noncorrelating  sig¬ 
nals,  on  the  other  hand,  would  indicate  localized  flow  noise  occurring  independently 
at  each  microphone. 

The  approach  was  simply  to  use  two  of  everything.  As  shown  in  Figure  4,  two 
balloons  were  tied  together  to  one  of  the  payloads  and  were  played  out  with  several 
hundred  feet  of  string.  The  second  payload,  tied  to  the  bottom  end  of  the  string, 
was  then  released.  The  whole  assemblage  was  supposed  to  rise  gently  from  the 
earth  and  ascend  to  60,  000  feet.  This  became  known  as  the  worst  method  of  launch¬ 
ing.  It  never  worked  because  the  balloons  drifted  so  far  downwind  that  when  the 
lower  payload  was  released  it  swung  to  the  ground  and  was  destroyed.  Subsequently, 
several  attempted  launches  we.'e  made  using  the  almost-as-bad  method  of  standing 
300  feet  upwind  with  the  balloons  and  one  payload,  while  the  final  release  man  stood 
downwind  on  the  rim  of  a  deep  gravel  quarry  with  the  other  payload.  The  giant 
arc  described  by  the  lower  payload  ^t  takeoff  was  almost  as  breathtaking  as  the 
involuntary  descent  into  the  quarry  made  by  the  final  release  man.  Although  two 
successful  launches  were  made  in  this  manner,  the  method  was  soon  discarded  in 
favor  of  a  safer  and  more  reliable  technique. 

Figures  5  and  6  show  an  inexpensive,  commercially- available  launching  reel 
that  was  modified  so  that  it  would  hold  several  hundred  feet  of  number  18  braided 
Nylon  cord.  The  reel,  in  its  original  form,  is  sometimes  used  for  launching 
radiosondes  in  strong  winds.  It  normally  holds  only  50  feet  of  string  which  deploys 
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Figure  3.  Acoustic  Background  Noise  Levels 
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Figure  4.  Double  Probe  Balloon  Launch 
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Figure  5.  Launching  Heel  Escapement  Action 


Figure  6.  Launching  Reel  String  Deployment 
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slowly  after  launching.  Note  the  escapement  mechanisms  for  controlling  the  rate 
at  which  the  string  unwinds.  In  the  modified  version  shown  here,  two  escapements 
from  two  reels  are  mounted  on  an  extended  hub.  The  unwinding  string  passes  be¬ 
tween  two  guide  plates  and  loops  once  around  a  bakelite  spacer  which  provides  ad¬ 
ditional  friction.  This  device  will  lower  a  nominal  seven- pound  payload  300  feet  in 
about  nine  minutes  There  are  probably  better  or  at  least  more  sophisticated 
launching  reels  available.  The  virtue  of  this  one  is  that  the  parts  for  it  cost  only 
$1.?6.  By  means  of  the  device  two  acoustic  probes  were  launched  together  with 
comparative  ease,  and  separation  to  the  required  spacing  occurred  during  balloon 
ascent. 

The  receiving  station  for  data  from  the  probes  is  housed  in  a  tracking  van 
showm  in  Figure  7.  As  was  explained  in  the  preceding  paper,  the  whole  data  link 
is  a  modified  version  of  an  AN/GMD-1A  Radiosonde  Detector  system,  hence  the 
familiar  looking  GMD  antenna  on  the  roof  of  the  van.  This  servo-controlled  an¬ 
tenna  tracks  automatically.  Azimuth  and  elevation  angles  to  the  balloon  are  deter¬ 
mined  by  antenna  position  and  are  displayed  and  recorded  automatically  in  the  van. 


Figure  7.  Tracking  Van,  Exterior  View 
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Inside  the  van,  as  shown  in  Figure  8,  tracking  information  is  displayed  and  re¬ 
corded  by  the  equipment  bay  on  the  right.  The  second  bay  from  the  right  contains 
a  demodulator  for  acoustic  data,  and  meteorological  recording  components  used 
during  standard  Radiosonde  flights.  The  third  bay  from  the  right  contains  a 
7-channel  FM  tape  recorder  which  preserves  all  acoustic  data  and  voice  commen¬ 
tary  for  later  processing.  The  bay  on  the  left  contains  a  motor-drive  amplifier 
for  the  tape  recorder,  and  an  oscilloscope  for  making  circuit  checks. 


Figure  8.  Tracking  Van,  Interior  View 


A  block  diagram  of  the  two-channe)  receiving  system  (Figure  9)  shows  how  it 
works.  The  feature  of  this  system  is  that  it  requires  only  one  high- gain,  automatic¬ 
tracking  antenna.  Advantage  is  taken  of  the  fact  that  two  different  IF  frequencies 
will  be  developed  by  one  local  oscillator  and  mixer  circuit  by  merely  tuning  the 
balloon-borne  transmitters  to  slightly  different  frequencies.  The  frequencies 
chosen  were  1680  and  1695  MC.  Two  standard  GMD  receivers  were  used  in  the 
van,  with  the  local  oscillator  of  the  second  receiver  modified  as  indicated. 


TWO-CHANNEL  RECEIVING 
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Acoustic  signatures  from  the  double-probe  flights  (Figure  10)  show  the  seem¬ 
ingly  every-present  Doppler  curves  from  piston  engine  aircraft.  Notice  that  both 
data  channels  show  about  the  same  background  noise  level  and  virtually  identical 
aircraft  Dopplers.  This  indicates  that  acoustic  signals  at  the  detectors  were  not 
being  masked  by  hydrodynamic  flow,  and  speaks  well  for  the  constant-altitude  bal¬ 
loon  as  a  quiet  platform  from  which  to  make  acoustic  observations. 

In  another  double-probe  flight  (Figure  11),  jet  aircraft  as  well  as  piston- 
engine  aircraft  were  detected.  Jet-aircraft  detections  appear  as  a  temporary 
increase  in  broadband  background  noise  level.  Notice  that  in  both  Figures  10  and 
11  the  aircraft  Dopplers  do  not  extend  to  frequencies  below  about  30  cps. 

A  signature  analysis  restricted  to  frequencies  below  30  cps  confirms  the 
absence  of  aircraft  noise  in  this  region  (Figure  12).  The  record  begins  with  the 
ascent  of  a  double-probe  ball  on  system  and  continues  with  a  display  of  infrasonic 
events  detected  after  the  balloon  reached  equilibrium  altitude.  The  dynamic  range 
of  the  analyzer  was  set  so  that  the  record  would  fluctuate  between  black  and  white 
for  a  12-db  variation  in  signal  level.  Figure  12  shows  this  transition  occurring 
in  approximately  1  octave  during  the  balloon  ascent,  thus  indicating  that  the  spec¬ 
trum  of  nonacoustic  flow  noise  has  a  negative  12  db/octave  slope.  This  is  twice 
the  slope  that  was  measured  for  true  acoustic  background  as  sampled  from  a  stable 
balloon  at  equilibrium  altitude. 

A  cross-correlation  analysis  was  made  of  the  acoustic  data  from  one  of  the 
double-probe  balloon  flights.  The  object  was  to  determine  whether  the  background 
sampled  at  60,000  feet  was  propagating  sound  or  local  flow  noise.  Propagating 
sound  would  cross- correlate;  hydrodynamic  noise  would  not.  A  data  sample  was 
chosen  that  was  free  of  aircraft  Dopplers,  and  only  the  frequency  region  below 
30  cps  was  utilized.  A  tape  recording  of  the  data  was  played  on  a  machine  equipped 
with  a  special  playback  head  shown  in  Figure  13.  The  individual  pickups  in  this 
headstack  can  be  moved  along  the  tape  in  relation  to  one  another  so  that  any  de¬ 
sired  amount  of  time  delay  between  channels  can  be  obtained.  For  each  time-delay 
setting  the  tape  was  played  and  the  output  signals  were  continuously  multiplied 
together  by  an  analog  computer.  The  product  of  the  signals  was  accumulated  in 
an  integrator  and  the  result  was  displayed  as  a  graph  of  normalized  output  from 
the  integrator  plotted  against  delay  time  settings.  Figure  14  is  a  block  diagram 
of  the  process.  The  bandwidth  of  the  correlated  data  was  from  0.2  to  30  cps.  A 
5- minute  sample  of  data  was  used  to  allow  ample  integration  time  for  the  lowest 
frequencies  present. 

A  pronounced  correlation  of  22  percent  occurred  for  a  time  delay  between 
channels  of  0.105  seconds.  Figure  15  shows  the  correlation  curve.  The  vertical 
distance  between  acoustic  probes  happened  to  be  150  feet  for  this  flight.  The 
speed  of  sound  was  about  1000  fps  at  the  altitudes  considered.  From  the  time 


Figure  11.  Piston  and  Jet  Aircraft  Detections 
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delay,  the  probe  spacing  and  the  speed  of  sound  one  can  calculate  the  apparent 
elevation  angle  at  which  correlating  signals  reached  the  microphones  as  45  degrees, 
with  no  dependency  on  azimuth.  This  angle  is  just  what  would  be  measured  if  the 
sound  were  produced  by  a  large  volume  or  horizontal  plane  of  statistically- independ¬ 
ent  noise  sources  such  as  the  turbulent  eddies  in  the  atmosphere  at  jet  stream 
altitudes.  The  value  of  delay  time  at  which  correlation  occurred  shows  that  the 
sound  arrived  first  at  the  lower  microphone,  then  at  ths  upper  one,  and  is  proof 
that  propagating  sound  rather  than  local  flow  noise  was  detected  by  the  array. 


Figure  13.  Moveable  Playback  Head 
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Figure  14.  Cross  Correlation  Process 
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Figure  15.  Correlation  of  2-Probe  Data 


Another  type  of  test  was  made  on  the  data  to  determine  whether  or  not  the 
background  sampled  was  acoustic  or  merely  local  flow  noise.  This  was  a  prob¬ 
ability-distribution  test.  Two  well  known  types  of  probability  distributions  are 
Gaussian  and  sine  wave.  They  are  shown  in  Figure  lf»  merely  to  point  out  how 
dramatically  different  the  probability  distributions  of  various  phenomena  c^n  be. 

A  probability  density  curve  can  be  determined  empirically  from  an  oscillogram 
of  any  complex  waveform.  Accordingly,  oscillograms  were  made  from  samples 
of  flow  noise  and  high-altitude  background  noise.  The  sample  of  flow  noise  was 
obtained  during  the  ascent  phase  of  a  balloon  flight.  The  measured  ascent  rate 
was  700  fpm.  The  sample  of  acoustic  background  was  obtained  later  on  during 
the  same  flight,  after  the  balloon  had  leveled  off  and  was  free-floating. 

Probability-density  curves  were  prepared  from  the  oscillograms  by  measuring 
the  percentage  of  total  sample  time  that  the  waveform  was  at  each  amplitude  level. 
The  results  (Figure  17)  show  that  the  probability-density  curve  for  high-altitude 
acoustic  background  is  practically  Gaussian  while  the  curve  for  flow  noise  is 
much  steeper  than  Gaussian.  These  are  very  gratifying  results  when  considered 
in  the  light  of  the  source  mechanisms  involved. 

The  sound  field  radiating  from  atmospheric  turbulence  should  be  Gaussian 
because  it  is  made  up  of  contributions  from  a  large  number  of  randomly-distributed 
and  statistically- independent  sources--the  turbulent  eddies  produced  by  wind  shear. 
In  hydrodynamic  flow,  on  the  other  hand,  it  is  known  that  the  velocity  fluctuations 
are  Gaussian.  This  means  that  the  corresponding  pressure  fluctuations  are  non- 
Gaussian  because,  by  Bernoulli's  principle,  the  pressure  fluctuations  are  propor¬ 
tional  to  the  square  of  the  velocity  fluctuations.  The  experimental  results  bear 
this  out.  Therefore  it  seems  that  one  can  identify  the  sound  radiated  from  turbu¬ 
lence  by  using  a  single  acoustic  detector  and  observing  the  shape  of  the  probability- 
density  curve. 

The  various  experimental  results  reported  in  this  paper  are  in  pretty  good 
agreement  with  at  least  one  theoretical  prediction  for  the  sound  radiated  from 
turbulence.  To  understand  this,  and  to  point  the  way  to  future  work,  one  need  only 
follow  the  conceptual  outline  of  this  theory. 

In  1941  a  Russian  named  Kolmogoroff  published  a  fundamental  paper  on  the 
local  structure  of  turbulence  utilizing  the  so-called  rascade  or  similarity  concept 
in  which  eddies  generate  eddies  which  generate  eddies  and  so  on.  The  bulk  of 
experimental  evidence  from  wind-tunnel,  jet-exhaust,  and  meteorological  measure¬ 
ments  supports  Kolmogoroff  s  theory. 

Kolmogoroff  supposes  that  there  are  three  ranges  of  eddy  sizes  in  a  turbulent 
system.  In  the  first  range,  energy  is  supplied  to  the  turbulence  by  the  generation 
of  very  large  eddies.  Such  eddies  would  be  generated  in  free  atmosphere  by  wind- 
shear  action  around  a  jet  stream  core.  In  the  second  range,  the  large  eddies 
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decay  and  in  the  process  generate  somewhat  smaller  eddies.  In  turn,  these  eddies  de¬ 
cay  while  generating  still  smaller  eddies.  This  cascading  action  produces  a  predict¬ 
able  energy  spectrum  in  the  second  range,  known  as  the  inertial  subrange  of  turbu¬ 
lence.  It  is  in  this  range  that  the  experimental  acoustic  measurements  were  made. 

In  the  third  range  of  turbulence,  eddy  sizes  are  very  small  and  fluctuations  are  so 
rapid  that  viscous  effects  in  the  medium  quickly  dissipate  all  remaining  energy  as  heat. 

Kolmogoroff's  theory  deals  with  the  actual  turbulent  flow.  More  recently, 
two  gentlemen  named  Meecham  and  Ford  calculated  the  acoustic  field  that  would 
be  radiated  from  this  type  of  flow.  They  calculated  that  the  acoustic  pov/er  spec¬ 
trum  in  the  first  range,  where  the  largest  eddies  are  produced,  will  increase  as 
the  fourth  power  of  frequency.  For  the  inertial  subrange  they  calculate  that  the 
spectrum  will  fall  off  as  the  7/2  power  of  frequency.  The  expressions  derived  by 
Meecham  and  Ford  are  summarized  in  Figure  18. 
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Figure  18.  Formulae  for  Acoustic  Noise  of  Turbulence 


From  all  of  this  one  can  now  draw  a  simple  graph  for  the  overall  power  spec¬ 
trum  of  sound  radiated  by  turbulence  (Figure  19).  The  slopes  on  the  graph  have 
been  expressed  in  terms  of  db/octave  for  easier  comparison  with  the  experimental 
results.  The  acoustic  measurements  indicated  a  6  db/octave  slope  in  the  inertial 
subrange  as  compared  to  the  10.  7  db/octave  slope  shown  on  the  theoretical  curve. 

The  significance  of  this  graph  is  that  the  curves  for  the  first  and  second  ranges 
of  turbulence  intersect  at  a  frequency  which,  when  determined,  can  be  used  to  cal¬ 
culate  the  size  of  the  largest  eddies.  Unfortunately,  the  only  microphones  available 
at  the  time  this  v/ork  was  done,  did  not  have  enough  low-frequency  response  to 
detect  this  peak  in  the  energy  spectrum.  Various  estimates  place  the  frequency 


316 


of  the  peak  between  0.2  and  0.02  cps,  and,  of  course,  its  exact  frequency  will  change 
from  day  to  day.  If  any  future  work  is  done  in  this  area,  certainly  the  spectral 
peak,  and  hence  the  size  of  the  largest  turbulent  eddies  should  be  monitored  with 
microphones  or  microbarographs  that  respond  to  the  lowest  frequencies  involved. 


Figure  19.  Theoretical  Acoustic  Spectrum  of  Turbulence 
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XXVII.  Quality  Engineering  of 
Scrim-Reinforced  Balloons 
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Air  Force  Cambridge  Research  Laboratories 
Bedford,  Massachusetts 

L.  Curtis  and  R.  Moroney 
G.  T.  Schjeldahl  Company 
Northfield,  Minnesota 


Abstract 


The  scrim-reinforced  Mylar  balloon  is  a  highly  reliable  carrier  for  heavy, 
expensive,  scientific  payloads  but  has  been  prohibitively  expensive  for  general 
use.  A  30  percent  cost  reduction  has  resulted  from  an  18-month  program  evaluat¬ 
ing  new  films,  fibers,  and  adhesives,  refined  lamination  techniques,  and  balloon 
design  simplification  in  combination  with  streamlined  production  procedures. 

The  successful  flight  test  of  a  nonwoven  scrim  balloon,  the  development  of  a 
novel  nonwoven  scrim  loom,  as  well  as  scheduled  tests  for  balloon  recovery  and 
reuse,  promise  to  further  reduce  the  cost  differential  between  supported  and  un¬ 
supported  film  balloons. 


1.  IMKOIM  TTION 


Ever  since  its  introduction  in  1945,  the  polyethylene  balloon  has  been  the 
workhorse  of  the  balloon  field.  It  has  lifted  scientific  payloads  of  seemingly  end- 
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less  variety,  been  launched  from  the  arctic  to  the  tropics,  in  fair  weather  and 
foul,  and  has  carried  man  practically  to  the  top  of  the  atmosphere  for  physiologic 
and  environmental  research.  Although  generally  satisfactory,  it  has  occasionally 
failed  during  ascent,  especially  when  structural  demands  on  the  balloon  vehicle 
have  been  too  great. 

During  the  fall  of  1958,  the  National  Science  Foundation,  Office  of  Naval  Re¬ 
search,  and  Johns  Hopkins  University  were  engaged  in  a  joint  field  test  expedi¬ 
tion  in  which  two  men  were  to  fly  a  polyethylene  balloon  for  astronomical  observa¬ 
tions.  Shortly  before  scheduled  take-off,  failure  of  the  balloon  while  it  was  still 
on  the  ground  aborted  the  entire  expedition.  This  experience  provided  dramatic 
motivation  for  developing  a  stronger,  more  reliable,  balloon  material  whose 
safety  factors  were  greater  than  obtainable  with  polyethylene.  Further  emphasis 
came  from  the  stringencies  of  heavier  payloads,  an  occasional  need  to  launch 
unde  somewhat  less  than  ideal  conditions,  and  the  advisability  of  greater  protec¬ 
tion  of  the  costly  investments  in  test  equipment  and  flight  operations. 

Accordingly,  a  contract  was  initiated  by  ONR,  under  the  terms  of  which  the 
G.  T.  Schjeldahl  Company  was  to  produce  a  high- reliability  balloon  film  from 
knowledge  of  the  best  of  the  current  technology  in  plastic  films  and  fibers.  The 
contract  resulted  in  a  study  of  candidate  materials  and  selection  of  the  best  avail¬ 
able  film-fabric  combinations;  several  balloon  flights  clearly  indicated  that  a 
strong,  light  material  was  feasible. 

Tests  were  made  during  flights  of  the  Stratoscope  II  telescope  which,  together 
with  the  flight  instrumentation  and  ballast,  made  up  a  balloon  payload  of  some 
10,000  pounds.  The  first  flight  of  this  huge  system  took  place  at  Hope,  Arkansas, 
on  6  March  1962.  Although  not  fully  meeting  the  sponsor's  requirements,  the  re¬ 
sults  of  this  flight  were  encouraging.  The  ensuing  series  of  balloon  flights  has 
been  beset  by  problems,  as  has  any  other  complex  pioneering  system,  but  none  of 
the  scrim  balloons  has  suffered  catastrophic  failure  during  ascent. 

The  Air  Force  Cambridge  Research  Laboratories  first  became  interested  in 
the  scrim  balloon  during  Project  Stargazer.  The  mission  required  lifting  a  two- 
man,  4,000-pound  gondola  to  an  altitude  of  80,000  feet  for  a  one-day  period  but 
when  flight  tests  with  the  reinforced  polyethylene  balloon  designed  for  the  task 
scored  only  50  percent,  a  scrim-reinforced  balloon  was  given  a  series  of  test 
flights.  Several  deficiencies  previously  unsuspected  in  such  balloons  were  un¬ 
covered.  These  were  corrected  in  cooperation  with  the  G.  T.  Schjeldahl  Company; 
and  on  13  December  1962,  under  the  overall  direction  of  Major  Thomas  B.  Spalding 
of  AFCRL,  a  successful  flight  was  made  by  Mr.  William  White  and  Major  Joseph 
Kittinger,  accompanied  by  a  5,  200-pound  payload  of  scientific  instrumentation. 

The  story  has  been  somewhat  the  same  with  other  programs  involving  the 
flight  of  heavy  payloads.  Even  though  the  cost  has  ranged  from  five  to  ten  times 
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higher  when  scrim-reinforced  Mylar  balloons  have  been  substituted  for  their 
polyethylene  counterparts,  the  change  to  the  more  reliable  scrim  balloon  has 
been  justified  by  the  results. 


2.  DEVELOPMENTAL  PROCRAM 

Early  in  1963,  AFCRL  initiated  a  program  to  lower  the  cost  of  scrim- 
reinforced  balloons  by  30  percent  within  the  year.  Four  areas  were  delineated 
for  investigation.  It  appeared  certain  that  basic  balloon  fabrics  could  b*»  had  for 
less  money;  scrim  balloon  designs  could  be  both  simplified  and  improved;  pro¬ 
duction  could  be  accelerated  without  sacrificing  balloon  quality;  and  launchings 
could  be  simplified  to  eliminate  the  need  for  a  two-balloon  launch  system.  The 
program  was  later  expanded  to  include  the  recovery  and  re-use  of  scrim  balloons. 

2.1  Mattriain 

The  currently  satisfactory  Mylar— Dacron  scrim  is  a  clearly  superior 
balloon  fabric  consisting  of  a  plastic, gas-barrier  film  bonded  to  a  network  of  re¬ 
inforcing  fibers  by  a  thermoplastic  adhesive.  To  find  ways  of  reducing  the  cost 
of  the  basic  balloon  material  without  seriously  compromising  its  good  properties, 
a  large  number  of  films  and  lightweight  fibers  were  obtained  and  tested.  The 
more  important  characteristics  of  the  better  samples  of  scrims  and  films  are 
summarized  in  Tables  1  and  2.  Among  the  laminations  tested  were  Dacron  com¬ 
bined  with  polypropylene  fibers,  and  polypropylene  combined  with  Mylar  film. 

Of  the  two  adhesives  used,  the  proprietary  product  of  the  Schjeldahl  Company 
proved  more  suitable  than  the  commercially  available  adhesive.  Tests  of  nine 
different  combinations  of  films,  fibers,  and  adhesives  gave  the  results  summa¬ 
rized  in  Table  3.  The  balloon  laminate  used  as  the  criterion  for  all  the  others 
was  GT-11,  a  combination  of  Mylar  and  Dacron,  60  in.  wide,  costing  $.67  a 
lineal  yard.  In  all  cases,  the  polypropylene  was  rejected  because  of  adhesive 
deficiencies,  noted  either  during  initial  ply  adhesion  or  during  flex -testing,  and 
production  problems  in  the  lamination.  The  most  promising  film  was  the  M-l-MD, 
a  Dacron-Mylar  combination  whose  reinforcing  fibers  formed  a  nonwoven  grid  laid 
in  three  directions. 

2.2  Design  Simplifications 

The  design  was  simplified  in  two  ways.  First,  the  balloon  valving  duct  was 
made  rectangular  instead  of  elliptic,  thereby  allowing  machine  rather  than  hand 
installation;  the  duct  was  also  reinforced,  which  eliminated  a  structural  discon¬ 
tinuity  in  the  balloon  wall  without  interfering  with  the  mechanism  for  valving 
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excess  lifting  gas  at  the  ceiling  altitude  of  the  balloon.  Second,  modifications  in 
the  balloon  end  fittings  (Figure  1 )  reduced  the  installation  time,  the  cost  of  the 
fitting3  dropped  from  $3,  5C0  to  $500.  Changes  in  the  valve  wire  and  inflation 
tube  installations  appreciably  simplified  fabrication  and  resulted  in  a  better  end 
product  as  well. 

2.3  Production  Improvements 

A  cost  analysis  of  earlier  scrim  balloons  disclosed  that  fabrication  labor 
accounts  for  approximately  three-quarters  of  the  total  cost  of  a  scrim  balloon. 
Two  procedures  requiring  many  man  hours  of  labor  are  gore-cutting  and  sealing. 
To  determine  the  actual  cost  reduction  afforded  by  the  design  simplifications  and 
procedural  changes  evolving  from  our  laboratory  investigation,  we  fabricated  two 
balloons. 

First,  all  the  gores  for  the  test  balloons  were  cut  simultaneously,  with  a 
Wolfe  cutter.  Second,  the  gore-sealing  speed  was  increased  from  eight  to  twenty 
feet  per  minute.  The  acceptability  of  both  changes  was  supported  by  numerous 
preproduction  tests.  In  addition,  newly  developed  equipment  for  inspecting  and 
splicing  balloon  material  and  for  automatically  dispensing  material  was  used. 
Seal-tape  splices  and  the  use  of  larger  rolls  of  sealing  tape  contributed  to  further 
reductions  in  production  time.  The  net  result  of  all  of  the  improvements  was  a 
30  percent  reduction  in  the  overall  cost  of  a  balloon  exactly  the  same  size  (1.  6 
million  cubic  feet)  as  one  manufactured  just  one  year  earlier. 

Figure  2  shows  the  first  of  the  two  experimental  scrim  balloons  during  per¬ 
haps  the  most  critical  phase  of  a  dynamic  launching.  This  balloon  was  launched 
from  the  AFCRL  R&D  Test  Facility,  Holloman  Air  Force  Base,  New  Mexico,  and 
carried  a  payload  of  4,000  pounds  to  an  altitude  of  74,000  feet.  The  performance 
was  excellent. 


3.  RESULTS  OF  THE  COST  REDUCTION  PROGRAM  TO  DATE 

The  curves  in  Figure  3  illustrate  the  cost  reductions  achieved,  based  on 
comparative  costs  of  the  3.  2  million-cubic-foot  balloons  first  designed  and  pro¬ 
cured  for  Project  Stargazer  at  a  cost  of  $54,000  per  balloon.  The  progression  is 
downward  to  the  AFCRL-sponsored,  Johns  Hopkins  University  program,  and  sub¬ 
sequently  to  the  Coronascope  and  US  Weather  Bureau  programs,  at  a  cost  of 
$33,  000  each.  In  all  of  these  balloons  the  scrim  material  used  was  the  woven  one 
designated  GT-12.  If  the  nonwoven  GT-50  had  been  used,  a  further  cop!  reduction 
of  approximately  two  thousand  dollars  could  have  been  expected.  The  broken  line 


indicates  the  most  pessimistic  cost  outlook  of  the  next  phase  in  cost  reduction: 
the  use  of  a  scrim  layer. 
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4.  SCRIM  LOOM 

Aside  from  the  actual  cost  reduction,  perhaps  the  most  important  effect  of 
the  work  described  was  the  application  of  nonwoven  scrim  to  balloon  design.  This 
opened  the  way  not  only  to  further  cost  reductions,  but  to  significant  improvements. 
Use  of  the  nonwoven  scrim  was  expedited  by  Korn's  innovation  of  a  simple  loom. 
The  first  loom  model  was  made  inhouse,  and  a  prototype  (Figure  4)  then  manufac¬ 
tured  under  contract.  This  machine  can  best  be  described  as  a  rotating-drum 
loom.  It  dispenses  diagonal  threads  from  the  large  rotating  drum  and  longitudinal 
threads  from  a  thread  beam  passing  through  the  center  of  the  drum.  Notable 
advantages  are:  (1)  elimination  of  the  need  for  the  flocking  agent  (Figure  5)  used 
on  nonwoven  scrim  material  for  thread  stability  during  handling  and  shipping;  (2) 
the  thread  layer  permits  tailoring  threads  to  conform  to  the  optimum  gore  rein¬ 
forcement.  For  the  first  time  the  balloon  designer  will  have  an  optimum  material 
—one  that  has  uniform  longitudinal  strength  along  the  gore  and  can  be  varied  in 
transverse  strength  as  required. 

Figure  6  illustrates  three  possible  variations  in  thread  pattern  relative  to  the 
balloon  gore  that  is  finally  cut  from  the  basic  scrim  balloon  fabric.  Gores  cut 
from  the  GT-12  rectangular-thread  material  lose  numerous  longitudinal  threads. 
This  requires  changing  the  design  to  enlarge  the  width  of  the  gores  both  top  and 
bottom  so  as  to  ensure  sufficient  strength  in  the  end  sections.  Gores  cut  from  the 
GT-50  nonwoven  thread  material  also  lose  many  of  the  longitudinal  threads.  In 
the  third  version  shown  the  longitudinal  threads  have  Leen  so  tailored  that  a  large 
end  section  is  no  longer  necessary.  Another  innovation,  not  illustrated,  has  to  do 
with  spacing  the  diagonal  threads  from  top  to  bottom  of  the  gore  to  conform  to  the 
stress  distribution  in  the  balloon.  The  spacing  of  the  longitudinal  threads  can 
easily  be  controlled  by  selective  spacing  of  the  longitudinal  feeds.  The  speeds  of 
the  laminator  and  of  the  thread-dispensing  drum,  as  well  as  the  number  of  spools 
in  the  drum,  can  be  controlled  to  produce  desired  variations  in  the  spacing  and 
angle  of  the  diagonal  threads.  These  features  will  be  incorporated  in  the  thread 
loom  now  under  construction. 


5.  BALLOON  RECOVERY 


The  recovery  and  reuse  of  scrim  balloons  are  being  investigated  as  a  possibility 
for  further  cost  reduction.  The  most  promising  technique  features  the  tandem 
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balloon,  whose  launching  and  recovery  are  respectively  illustrated  in  Figures  7 

and  8.  Essentially,  when  the  flight  terminates  the  expensive  lower  balloon  is  en- 

2 

sleeved  in  a  relatively  heavy  (2-oz/yd  )  nylon  material  that  fully  protects  the 
balloon  during  the  landing  and  recovery  phases  of  the  flight  operations. 

In  our  single  test  to  date  —  carrying  a  4,000-pound  payload  to  an  altitude  of 
76,000  feet — the  launching,  ascent,  and  flight  of  the  two-balloon  system  pro¬ 
ceeded  perfectly  (Figure  9).  During  the  descent,  however,  human  error  caused 
premature  termination  of  the  flight.  No  conclusion  regarding  the  recovery  tech¬ 
nique  is  therefore  presently  possible,  but  our  experiments  with  sleeve  drop  tests 
do  indicate  that  balloon  recovery  is  clearly  feasible. 

Recovery  and  reuse  of  scrim  balloons  on  a  routine  basis  will  place  scrim 
balloons  in  direct  competition  with  the  heavy -payload  polyethylene  balloons. 
Figure  10  illustrates  the  cost  reduction  possibilities  of  the  tandem  balloon  re¬ 
covery  concept.  Assuming  a  flight  to  80,000  feet,  the  recovery  and  single  reuse 
of  a  balloon  would  reduce  the  cost  of  the  second  flight  to  approximately  60  percent 
of  the  cost  of  the  first.  In  this  case,  the  system  would  be  launched  first  as  a 
tandem-balloon  system  and  then,  following  recovery,  as  a  single-balloon  system 
(the  top  balloon  having  no  essential  function  on  a  nonrecoverable  system).  The 
recovery  and  reuse  of  the  main  balloon  twice  (involving  two  expendable  top 
balloons)  would  reduce  the  cost  of  the  third  flight  to  approximately  45  percent  of 
the  cost  of  the  first.  Projecting  this  to  many  reuses  would  probably  lead  to  un¬ 
realistic  figures  although  at  some  later  date  our  experience  might  support  such 
projections. 


6.  SUMMARY 

Scrim  balloon  costs  have  been  reduced  30  percent,  with  no  decrease  in  the 
quality  of  the  product. 

Nonwoven  fibers  haVe  been  successfully  used  for  balloon  reinforcement.  In 
addition  to  reducing  balloon  costs,  this  development  opens  the  way  to  a  whole  new 
technology  for  the  balloon  designer. 

The  scrim  loom  eliminates  the  need  for  using  a  flocking  agent  on  the  scrim 
material.  In  the  long  run,  it  will  allow  selection  of  the  proper  strength  and  weight 
parameters  for  a  more  nearly  optimum  balloon  design.  Incorporation  of  the  gore- 
cutting  feature  will  result  in  still  further  reduction  of  balloon  costs. 

Sleeve-drop  tests  to  date  clearly  support  the  feasibility  of  recovering  and  re¬ 
using  scrim  balloons. 

The  dynamic  launching  of  scrim  balloons  has  been  amply  demonstrated  to  be 
feasible  and  should  be  used  whenever  the  flight  operation  permits. 
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7.  FUTURE  iORk 

The  work  on  balloon  shapes  is  being  extended  to  determine  optimum  reinforc¬ 
ing  scrim  patterns.  The  results  will  be  applied  toward  improving  the  nonwoven 
scrim  loom  design.  The  balloon  recovery  program  will  extend  to  testing  several 
newly  proposed  techniques.  The  search  for  materials  that  are  less  expensive 
than  Mylar  and  Dacron  will  continue.  The  results  of  these  efforts  will  be  applied 
as  a  total  technology  to  the  problem  of  creating  a  high-altitude  medium-payload 
balloon  at  the  earliest  opportunity. 


Figure  1.  New  End-Fitting  Design 
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Figure  2.  Launch  of  First  Nonwoven  Scrim  Balloon  (24  April  1964) 


DOLLARS  x  10 
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Figure  3.  Comparative  Costs  of  Heavy- Load  Halloons 
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Figure  4.  Model  for  Nonwoven  Scrim-Layer 
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Figure  5.  Toscony  Nonwovcn  Scrim 
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Figure  G,  Gore  Reinforcement  Patterns 
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Figure  8.  Tandem  Balloon  Recovery  [AF19(628)-2929] 
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Figure  9.  Tandem  Balloon  Reel-Up 
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COST  RATIO 


Figure  10.  Flight  Costs  {assumes  100%  recovery  of  main  balloon  (GT-11)] 


Table  1.  Characteristics  of  Reinforcing  Materials 
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XXVIII.  Water  in  the  Atmospheres  of  Planets 

John  Strong 

Laboratory  of  Astrophysics  and  Physical  Motoorology 
The  Johns  Hopkins  University 
Baltimore,  A.arylond 


With  an  automatic  daytime  telescope  of  30-cm  aperture  carried  by  balloon  to 
26.5  km  we  have  made  a  determination  of  the  amount  of  water  vapor  present  above 
the  reflective  cloud  layer  on  the  planet  Venus.  Radiation  was  measured  in  the  band 
at  1.13  p,  with  a  grating  spectrometer  of  2- A  resolving  power.  This  portion  of  the 
spectrum  was  scanned  once  every  ten  seconds  with  a  set  of  21  exit  slits  arrayed  to 
match  21  HjO  absorption  line  groups.  The  radiation  passing  through  was  received 
by  a  chilled  photomultiplier  with  S- 1  surface,  and  its  response  was  recorded  on 
paper. 

From  120  such  records  we  have  determined  that  the  modulation  produced  by 
the  water  absorption,  when  the  line  groups  were  scanned,  was  (10,5  ±  0.5)  percent. 
By  calibration,  this  modulation  is  the  same  as  that  produced  by  9.8  x  10  g/cm 
oi  water  vapor  at  atmospheric  pressure. 

Possible  influence  of  water  vapor  in  the  earth's  atmosphere  above  the  balloon 
was  assessed  in  two  ways.  Immediately  after  the  observing  period,  and  at  the 
same  auitude,  radiation  received  from  a  piece  of  white  cloth  illuminated  by  the 
sun  was  analyzed.  A  much  smaller  modulation,  resulting  from  water  in  the  solar 
path,  was  measured. 
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We  were  also  able  to  measure  the  influence  of  the  Doppler  shift  on  our  re¬ 
corded  data.  At  one  point  in  each  scan  cycle  a  mercury  discharge  spectral  line  at 
11,  287  A  was  passed  through  one  of  the  exit  slits,  and  was  recorded  as  a  modula¬ 
tion  in  the  reference-level  spectrum.  Measurements  from  this  fiducial  line  to  the 
Venus  water  dips,  taken  from  20  scans,  exhibit  a  Doppler  shift  of  (0.49  ±  0.05)  A , 
in  agreement  with  a  shift  of  0.495  A  calculated  from  the  relative  orbital  motions  of 
Venus  and  the  earth.  From  this  agreement  also  we  see  that  telluric  water  vapor 
played  a  minor  role  in  the  10.5-percent  modulation. 

Both  assessments  are  in  fair  agreement  with  the  accepted  value  of  about 
0.7  x  10  g/cm  of  water  above  the  altitude  of  the  balloon.  Thus  only  about  1/20 
of  the  modulation  measured  while  observing  Venus  may  be  attributed  to  water  in  the 
earth's  atmosphere  or  in  our  apparatus. 

At  the  time  of  our  observation  on  21  February  1964  the  phase  angle  of  Venus 
was  65  degrees.  The  effective  slant  path  through  the  atmosphere  of  Venus  is  cal¬ 
culated  to  be  3.82  times  the  vertical  path. 

The  interpretation  of  the  measured  absorption  requires  certain  assumptions 

about  the  pressures  to  be  expected  at  and  above  the  Venu6  cloud  top  level,  and  the 

distribution  of  water  vapor  in  this  region.  Pressure  estimates  reported  by  Sagan 

(1963)  range  from  90  mb  to  600  mb  at  the  cloud  level.  The  amounts  of  water  vapor 

calculated  from  our  data  for  gravitational  atmospheres  at  these  base  pressures 

are  22.  2  x  10  ^  g/cm2  for  the  90-mb  case,  and  5.2  x  10  ^  g/cm2  for  the  600-mb 

-4  -  5 

case.  The  respective  mixing  ratios  would  be  2.5  x  10  and  0.87  x  10  .A  choice 
between  these  values,  or  in  this  range,  must  await  more  knowledge  about  the 
actual  pressures.  It  is  interesting  however  to  note  that  values  reported  for  compa¬ 
rable  levels  in  the  earth's  upper  atmosphere  (M.  Gutnick,  Air  Force  Surveys  in 
Geophysics  No.  147)  represent  the  geometric  mean  of  the  extremes  we  have 
calculated  for  the  planet  Venus. 
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XXIX.  The  Mars  Balloon — Feasibility  and  Design 

M.  H.  Davis  and  S.  M.  Grtvn field 
The  Rand  Corporation 
Santa  Monica,  California 


It  is  an  intriguing  idea  that  balloons  might  be  used  to  probe  the  atmosphere  of 
Mars  and  to  give  some  mobility  to  instruments  that  have  been  transported  to  the 
planet.  In  principle  no  simpler  method  of  transportation  can  be  imagined.  A 
floating  balloon  has  the  great  advantages  of  simplicity  and  of  requiring  no  motive 
power,  although  it  suffers  from  the  drawback  that  only  flight  duration  and  altitude 
are  subject  to  control;  the  direction  and  distance  of  a  particular  flight  are  at  the 
mercy  of  the  wind.  In  the  present  paper  we  discuss  the  feasibility  of  Mars  balloon 
operations.  The  paper  to  follow  discusses  how  balloons  might  contribute  signifj  - 
cantly  to  the  systematic  exploration  of  the  surface  and  atmosphere  of  the  planet. 

A  detailed  engineering  study  is  required  before  the  feasibility  of  the  Mars 
balloon  can  be  fully  analyzed.  Here,  since  we  do  not  attempt  to  actually  design  the 
system,  we  can  only  outline  some  of  the  more  important  requirements  and  problems. 
Because  of  spacecraft  limitations,  feasibility  will  depend  to  a  great  extent  on  how 
much  weight  and  volume  must  be  expended  in  order  to  ultimately  lift  a  useful  pay- 
load  into  the  Martian  atmosphere.  We  will  try  to  arrive  at  estimates  of  the  weight 
and  volume  requirements  for  a  balloon  system,  without  attempting  a  detailed  break¬ 
down  into  components.  An  additional  consideration,  and  one  of  primary  importance, 
is  the  reliability  of  the  system.  It  is  essential  to  strive  for  simple  and  rugged 
subsystems  and  materials. 
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Before  discussing  weight  and  volume  estimates,  let  us  look  in  an  over-all  way 
at  the  suggested  system.  Two  balloon  types  appear  most  fruitful  for  study.  One  is 
a  balloon  used  to  carry  instruments  from  one  point  on  the  planet's  surface  to  another 
poi.^t  fairly  nearby.  We  visualize  hydrogen-filled  balloons  of  the  equal-pressure  type 
for  this  job.  The  flight  would  be  of  fairly  short  duration,  the  objective  being  to  lift 
the  payload  of  instruments  off  the  ground  so  that  winds  can  move  it  to  a  new  location. 
We  must  design  the  balloon  to  float  at  a  density  that  is  guaranteed  to  be  off  the 
ground,  but  need  not  be  at  a  very  high  altitude.  The  other  interesting  balloon  mission 
is  to  float  at  a  fairly  high  altitude  for  long  periods,  carrying  instruments  de¬ 
signed  to  observe  the  atmosphere  and  surface.  For  this  mission  we  might  consider 
either  a  ballasted  equal-pressure  balloon  (if  flight  duration  is  supposed  to  be  longer 
than  one  day)  or  the  superpressuru  balloon.  The  idea  of  carrying  "dead"  ballast  to 
Mars  or  using  some  native  material  as  ballast  doesn't  seem  very  sensible.  However, 
it  is  perfectly  reasonable  to  think  of  dropping  instruments  and  other  parts  of  the 
payload  at  the  end  of  each  day  --  parts  of  the  payload  can  act  as  droppable  ballast 
for  as  long  as  there  is  any  payload  left.  The  superpressure  balloon  can,  of  course, 
have  a  duration  of  many  days  without  ballast.  However,  it  presents  more  critical 
problems  with  regard  to  material  strength  and  reliability.  As  on  earth,  we  might 
think  of  using  balloons  of  extensible  material  to  obtain  vertical  soundings  of  the 
atmosphere.  This  may  certainly  be  done  someday,  but  it  seems  less  interesting 
for  initial  consideration  since  the  probe  that  enters  the  planet's  atmosphere  and 
descends  to  soft-land  on  the  surface  can  provide  a  vertical  sounding. 

It  might  conceivably  be  possible  to  launch  balloons  from  the  surface  of  the 
planet  by  encasing  them  in  a  protective  structure  while  they  are  being  filled.  Such 
a  procedure  would,  however,  cost  a  great  deal  in  weight  and  complexity.  The  balloons 
we  are  considering  for  use  on  Mars  are  10  to  50  feet  in  radius  --  unwieldy  sizes  to 
control  in  the  winds  that  we  suspect  frequently  occur  on  Mars.  From  observations 
of  dust  clouds  it  is  known  that  winds  up  to  90  km/hr  occur  on  the  planet.  Unless 
some  very  ingenious  ideas  are  forthcoming,  or  present  beliefs  about  the  planet's 
atmosphere  turn  out  to  be  wrong,  the  only  practical  way  to  launch  balloons  is  in  the 
atmosphere  during  entry. 

Air-launch  systems  have  already  been  developed  and  we  suggest  that  this  type 
of  system  be  used  for  the  Mars  balloon.  The  baiicon  itself  might  be  used  as  a 
parachute  to  slow  the  descent  of  its  part  of  the  instrument  package  during  the  time 
it  is  being  filled  with  buoyant  gas.  The  total  payload  would  be  split  between  a  part 
that  lands,  and  a  part  carried  olf  by  the  balloon  either  a  short  distance  or  to  drift  for  a 
prolonged  time  at  altitude.  It  appears  from  what  we  know  about  the  Mars  atmosphere 
that  ten  minutes  to  half-an-hour  could  be  available  for  balloon  filling.  This  estimate 
of  the  time  required  to  descend  through  the  atmosphere  at  terminal  velocity  is  de¬ 
rived  in  Appendix  A. 
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The  system  in  broad  aspect,  then,  consists  of  the  balloon  with  its  packaging  and 
release  system,  designed  to  be  deployed  as  a  parachute  while  it  is  being  filled;  its 
payLoad  of  instruments;  a  gas -generation  apparatus  capable  of  generating  the  required 
quantity  of  hydrogen  in  less  than  30  minutes;  spacecraft  structure,  heat  shield,  and 
so  forth.  At  this  stage  we  are  primarily  interested  in  estimating  weights  and 
volumes  so  as  to  form  an  opinion  of  whether  the  idea  of  a  Mars  balloon  seems  at  all 
feasible.  If  it  does,  then  more  detailed  studies  will  be  warranted. 

The  total  balloon- system  mass,  m^,  will  be  the  sum  of  m^,  the  mass  of  the 
balloon  itself;  m^,  the  mass  of  the  payload;  m^,  the  mass  of  the  gas  generation  sys¬ 
tem  (which  includes  the  mass  of  the  buoyant  gas  used)  --  all  multiplied  by  a  factor, 

F,  which  allows  for  the  auxiliary  structure,  heat -shield,  and  so  on.  Its  total  volume, 
V^,,  will  be  the  sum  of  V^,  the  volume  of  the  packed  balloon;  V^,  the  volume  of  the 
gas  generation  system;  and  V  ,  the  volume  of  the  payload  --  multiplied  by  a  factor 
F'  to  allow  for  structure,  and  so  forth.  (Using  the  experience  of  present  spacecraft 
designs,  the  value  2  seems  reasonable  for  both  F  and  F'.)  The  efficiency  ratios 
(nip/m,j,)  and  (V  /  V^,)  then  give  an  indication  of  the  price  we  must  pay  to  lift  a  given 
payload  into  the  Mars  atmosphere. 

It  is  convenient  to  relate  the  mass  and  volume  efficiency  ratios  to  the  quantity 
£  which  we  define  to  be  the  ratio  of  the  payload  mass  to  the  sum  of  the  masses  of 
payload  and  balloon.  Further  define  0  1  (Molecular  weight  of  atmospheric  gases)/ 
(Molecular  weight  of  buoyant  gas);  e^  *  (mass  of  buoyant  gas  generated)/ (total  mass 
of  gas  generation  equipment).  Then: 


Moreover,  if  we  assume  that  the  product  of  the  packing  efficiency  of  the  balloon 

3 

and  the  density  of  its  material  is  about  1.0  gm/cm  and  that  the  density  of  the  pay- 

3 

load  is  also  about  1.0  gm/cm  ,  then 


(Balloon  superheat  has  been  ignored.) 

The  molecular  weight  of  the  Martian  atmosphere  has  usually  been  assumed  to 
be  about  30,  based  on  the  idea  that  it  is  composed  largely  of  nitrogen  with  a  small 
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admixture  of  carbon  dioxide  and  argon.  Recent  spectroscopic  evidence  (Kaplan, 
Munch  and  Spinrad  (1964))  however,  suggests  that  COg  may  be  a  major  constituent 
and  that  the  molecular  weight  could  be  as  great  as  40.  If  hydrogen  is  the  buoyant 
gas,  1 5  <  /3  <  20,  but  no  significant  error  will  be  made  if  we  assume  for 
simplicity  that  1//3  =  0.06  and  /3/(/3-l)  =  1.05  as  typical  values. 

The  characteristics  of  the  gas -generation  system  depend  upon  what  type  of 
system  we  contemplate.  In  our  previous  report  (Greenfield  and  Davis,  1963),  we 
investigated  three  basic  types  of  gas -transport  and  generation  systems:  transport 
under  very  high  pressure  in  a  steel  pressure  vessel  with  a  simple  transpiration 
valve;  transport  as  liquid  in  an  insulated  cryogenic  vessel  together  with  a  heater  to 
evaporate  the  gas  when  needed;  and  transport  as  a  hydrogenous  chemical  compound 
from  which  hydrogen  can  be  extracted  by  heat  or  chemical  reaction.  For  details 
see  References  (Greenfield  and  Davis,  1963).  The  conclusions  expressed  as  mass 
and  volume  ratios,  were; 

for  the  high-pressure  system: 

e  ~  0.02  V,/m  ~  60  (cm'Vgm) 

g  t'  g 

for  the  liquid-hydrogen  employed  to  transport  around  1  kg  of 

e  ~  0.03  V,/m  ~  400 
g  t'  g 

for  the  best  of  the  chemical  systems: 

e  ~  0.1  V, /m  *  20 
g  t  g 

The  high-pressure  system  presents  some  engineering  uncertainties,  but  seems 
attractive  since  it  is  conceptually  simple  and  the  gas  is  generated  rapidly.  The 
liquid  hydrogen  system  is  considerably  more  complex  and  suffers  from  requiring 
a  proportionately  large  volume  if  only  small  quantities  of  gas  are  to  be  transported. 
(The  efficiency  ratios  improve  rapidly  for  amounts  of  gas  in  excess  of  10  kg.  The 
problem  is  two-fold  --  liquid  hydrogen  has  the  very  low  density  of  0.07,  and  con¬ 
siderable  insulation  is  needed  for  storage  during  the  spaceflight  of  8  months  to 
Mars.)  There  also  may  be  a  problem  generating  the  gas  at  the  rate  required  for 
balloon  filling.  The  best  chemical  generation  system  appeared  to  be  thermal  de¬ 
composition  of  beryllium  hydride  --a  scheme  that  is  certainly  speculative  since 
the  properties  of  this  compound  are  very  uncertain.  It  appears  that  chemical 
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methods  for  gas  generation  merit  careful  investigation  since  they  offer  the  advantage 
of  easy  long-term  inert  storage  of  the  gas,  although  rap'd  gas  generation  may  present 
a  problem. 

For  the  present  analysis,  we  adopt  a  chemical  gas  generation  system  but  derate 
the  performance  slightly  from  tha»  of  the  BeHg  system,  taking  as  representative 
values  e  =  0.05  and  Vt/m  =  50.  Then,  based  on  the  various  adopted  values, 

o  o 


*  0.  S 

*  0.1  C  • 

The  remaining  parameter  that  wc*  must  estimate  is  IJ,  the  ratio  oi  the  payload 
mass  to  the  total  mass  lifted  by  the  balloon.  A  "natural -shaped"  balloon  --  one  with 
vanishing  circumferential  stresses  --is  characterized  by  the  dimensionless 
parameter  w  which  is  defined 


2 

where  6  is  the  area  density  of  the  balloon  fabric  (gm/cm  )  and  b  is  the  density 
difference  oetween  the  air  outside  the  balloon  at  its  buoyant  altitude  and  the  gas 
inside.  See  References  (Smalley).  (If  p  is  the  density  of  the  air  outside  the  balloon, 

cl 


b  =  Pa  (l  -i)  *  Pa 

ignoring  balloon  superheat.)  For  the  natural- shaped  balloon  a  relation  can  be 
derived  between  w  and 


.  0-2  li  -  Cl 

1/3 


The  superpressure  balloon  requires  somewhat  different  treatment,  since 
stresses  in  the  fabric  are  much  greater  than  in  the  equal-pressure  case.  The 
balloon  is  designed  to  maintain  a  positive  pressure  relative  to  the  outside  air  during 
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the  diurnal  temperature  cycle.  If  the  change  in  effective  balloon  temperature  is 
(AT)  during  the  one-day  period,  and  we  define 


y  - 


R*  (AT) 

4  K  M 
c  a 


7 

where  R*  is  the  gas  constant  (8.3  X  10  cgs  units),  M  is  the  molecular  weight  of 

a  2 

the  atmosphere,  and  K  is  the  tensile  strength  of  the  material  (dynes/ cm  )  divided 

3C 

by  its  density  (gm/cm‘  ),  then  we  can  write 


approximately  for  the  superpressure  case: 


w 


o-2(i  -C  -  ioy) 
^iTT 


It  is  difficult  to  estimate  (AT)  for  the  Mars  environment,  since  it  depends  on 
the  radiative  characteristics  of  the  balloon  film,  and  the  ambient  air  temperature, 
as  well  as  the  day  and  night  radiation  environments.  However,  suppose  that  AT  is 
about  20°C.  Then  for  K£  =  109  cgs  units, 

-  0.2  (0.85  -  O  * 

- - ^173  -  • 

The  balloon  volume  is  readily  computed  once  C  is  given,  since 

v„  ■*(£)• 

Our  procedure  will  be  to  compute  w  for  interesting  combinations  of  payload 
density,  then  using  the  above  implicit  relations,  compute  corresponding  values 
£.  Finally,  using  £,  we  estimate  the  required  balloon  volume  and  the  total  mass 
volume  of  the  balloon  system. 

But  first  we  must  discuss  balloon  materials  and  the  atmospheric  densities  we 

expect  to  find.  We  will  assume  that  the  balloon  fabric  has  an  area  density  of 
2 

0.002  gm/cm  corresponding  to  0.5-mil  Mylar.  Research  into  super-light  film 
materials  may  reduce  this  value.  But  it  should  be  kept  in  mind  that  the  film  used 
ultimately  must  be  (1)  of  very  high  reliability,  (2)  unaffected  by  solar  ultraviolet, 

(3)  unaffected  by  the  very  low  temperatures  that  may  be  encountered  in  the  Mars 
atmosphere  —  as  low  as  -I50°C,  (4)  capable  of  being  positively  sterilized  — 


and 

for 

and 
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preferably  by  dry  heat  at  135°C  for  24  hours,  (5)  able  to  be  stored  in  space  for 
8  months,  (6)  able  to  be  unfolded  rapidly  and  reliably  without  hanging-up. 

At  the  time  of  writing"The  Physics  of  Balloons  and  Their  Feasibility  as  Explora¬ 
tion  Vehicles  on  Mars"  (Greenfield  and  Davis,  1963),  it  was  thought  that  the  atmospheric 
density  near  the  surface  of  Mars  would  be  found  to  be  around  8  X  10  gm/cm  with 
temperatures  around  -70°  to  -20°C  --  conditions  resembling  those  at  about  67,000 
feet  in  the  earth's  atmosphere.  However,  the  recent  interpretation  of  spectroscopic 
data  (Kaplan,  Munch  and  Spinrad,  1904)  suggests  that  the  surface  level  density  is 
probably  closer  to  2  X  10  gm/cm  --  corresponding  to  conditions  at  about  96,000 

feet  in  the  earth's  atmosphere.  For  baJoon  operations  we  will  consider  three 

_  5  3 

densities  in  the  Mars  atmosphere:  8.0  X  10  gm/cm  ,  which  corresponds  approxi- 

-5  3 

mately  to  ground  level  under  the  old  atmospheric  estimates;  2.0  X  10  gm/cm  , 

-  5  3 

which  may  be  no  higher  than  just  off  the  ground;  and  1.0  X  10  gm/cm  ,  which 
should  occur  no  lower  than  about  10  km  (33,000  feet)  in  the  Martian  atmosphere. 

(These  densities  correspond  to  68,000  feet,  97,000  feet  and  110,000  feet  on  earth.) 

It  should  be  emphasized  that  our  ideas  about  the  atmosphere  of  Mars  are  very  un¬ 
certain  at  present.  However,  even  if  balloons  are  used  eventually  as  a  pa/t  of  the 
Mars  exploration  program,  they  will  almost  certainly  not  form  a  part  of  the  first 
instrument  package  to  land  on  the  planet.  Since  the  first  package  will  have  as  one 
of  its  primary  scientific  missions  the  determination  of  the  pressure  and  density  in 
the  Martian  atmosphere,  we  can  expect  that  a  balloon  designer  will  have  this  infor¬ 
mation  available  when  he  writes  his  final  report.  For  the  present,  we  must  use 
the  best  information  we  have,  uncertain  as  it  is. 

We  will  consider  oayloads  of  1  kg  for  the  superpressure  balloon,  and  of  10  kg 
and  100  kg  for  the  equal-pressure  balloon  at  these  three  densities.  Table  1  shows 
estimated  values  for  m^,,  V^,  and  V^. 


Table  1. 


Superpressure 

Equal -Pressure 

Density  (gm/cm  ) 

m 

P 

1  kg 

10  kg 

100  kg 

m^ 

11  kg 

67  kg 

550  kg 

8  X  10‘5 

VT 

0.8  cu.ft. 

4.6  cu.ft. 

40  cu.ft. 

Vb 

1  X  103  cu.ft. 

5.7  X  103  cu.ft. 

4.9  X  104  cu.ft. 
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Table  1.  (Cont) 


Superpressure 

Equal-Pressure 

Density  (gm/cm  ) 

mp 

1  kg 

10  kg 

100  kg 

mT 

36  kg 

100  kg 

670  kg 

2  X  10'5 

VT 

2.5  cu.ft. 

7  cu.ft. 

48  cu.ft. 

Vb 

1.2  X  104  cu.ft. 

3.5  X  104  cu.ft. 

2.4  X  105  cu.ft. 

mT 

100  kg 

150  kg 

830  kg 

1  X  10'5 

vT 

7  cu.ft. 

11  cu.ft. 

58  cu.ft. 

Vb 

7  X  104  cu.ft. 

1.1  X  105  cu.it. 

5.8  X  105  cu.ft. 

Although  many  difficult  engineering  problems  remain,  no  calculations  we  have 
made  so  far  invalidate  the  Mars  balloon  concept.  It  will  not  be  an  easy  system  to 
develop,  particularly  with  the  required  high  reliability,  and  as  we  have  seen,  it  is 
expensive  in  weight  and  volume.  However,  balloons  offer  what  appears  to  be  a 
unique  capability  and  so  seem  to  us  to  have  an  important  place  in  the  Mars-explora 
♦ion  program  as  discussed  in  detail  in  the  next  paper. 
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Appendix  A 

Tim#  Avoilabl#  for  Balloon  Filling 

The  time  the  balloon  package  will  take  to  descend  through  the  atmosphere  using 
the  balloon  itself  as  a  parachute  can  be  estimated  if  we  assume  that  the  fall  is  at 
terminal  velocity  and  that  the  drag  coefficient  has  the  approximate  value  1.0.  Then 


j  A  p  v2  =  mg. 

The  appropriate  mass  is  m^/F,  since  the  structure  and  other  parts  accounted  for 
by  the  factor  F  will  be  jettisoned.  (A  is  the  effective  drag  area.)  Writing 

„  dz  H  dp 

"  *  *a?  •  •  t  ar 

where  H  is  the  atmospheric  scale  height  (around  12  km  on  Mars)  we  obtain  by 
integration  of  the  above  equation: 


At  =  H 


(1  Ap° 

'  mg 
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for  the  time  to  fall  from  density  to  the  surface  (density  pQ).  If  p^  is  considerably 
smaller  than  pQ, 

l 

At  ~  H  ( — —  )  ~  1  min. 

\  mg  /  V  m 

Taking  our  assumed  parameter  values. 


*  20  (1  -  £ )  cm^/gm. 

Hence  At  will  be  in  the  range  10  minutes  <  At  <  30  minutes  with  the  shorter  times 
associated  with  the  larger  payloads. 

Because  of  the  exponential  decrease  of  density  with  altitude,  most  of  the  time 
is  spent  falling  through  the  last  few  kilometers.  During  filling,  the  balloon  will 
gradually  become  buoyant,  so  the  time  estimates  above  are  somewhat  too  small. 

At  the  end  of  the  filling  operation  the  gas -generation  apparatus  will  be  dropped. 
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XXX.  Balloons  for  the  Scientific  Exploration 

of  Mars 

S.  M.  Graanfiald  and  M.  H.  Davit 
Tha  Rand  Corporation 
Santa  Monica,  California 


I.  INTRODUCTION 

T  he  previous  paper  examined  balloons  as  physical  systems  in  a  planetary 
atmosphere,  and  derived  methods  of  assessing  their  feasibility.  In  this  paper  we 
shall  attempt  to  answer  the  questions  of  how  balloons  can  contribute  to  the  explora¬ 
tion  of  a  planet  like  Mars,  and  how  their  derived  capability  translates  into  a 
scientific  utility. 

In  considering  the  usefulness  of  balloons  for  studying  a  planet,  three  modes  in 
which  such  a  vehicle  can  operate  should  be  recognized.  Each  mode  has  its  own 
utility. 

The  three  modes  of  operation  are: 

(a)  The  balloon  used  as  a  sensor.  (The  desired  data  are  obtained  by  tracking  the 
balloon  itself  and  recording  the  motion.) 

(b)  The  balloon  used  as  a  platform.  (The  balloon  supports  instruments,  which 
perform  the  measurements.) 

(c)  The  balloon  used  as  a  conveyance.  (The  balloon  moves  an  object  from  one 
point  to  another.) 

For  each  of  these  modes  we  can  derive  a  possible  set  of  experiments. 
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2.  Til K  li  M.I.OON  AS  A  SKNSOH 

As  we  are  well  aware,  a  balloon  that  is  neutrally  buoyant  in  an  atmosphere 
moves  approximately  with  the  air  and  its  motion  reveals  the  wind  speed  and  direc¬ 
tion  at  its  floating  altitude.  Similarly,  a  balloon  that  rises  until  it  bursts,  if 
observed  accurately  enough,  provides  information  on  the  vertical  structure  of  the 
wind.  In  both  cases,  the  balloon  must  be  tracked  quite  accurately  and  almost 
continuously  to  provide  other  than  rather  grossly  averaged  winds.  While  we 
recognize  the  desirability  of  such  information,  we  feel  that  it  is,  at  present, 
considerably  beyond  our  ability  to  obtain  on  Mars.  This  is  particularly  true  in  the 
case  of  the  vertical  balloon  sensor,  which  to  be  useful  must  be  launched  frequently 
and  over  a  wide  area. 


3.  1 1  IK  IIAI.I.OON  AS  A  1*1.  ATK0HA1 

Ignoring,  for  the  purpo  e  of  this  paper,  any  further  consideration  of  the  balloon 
as  a  sensor,  we  may  move  on  to  the  second  mode  of  operation  which  permits  a  broad 
choice  of  uses  for  a  balloon  on  a  remote  planet.  The  balloon  is  a  mobile  platform. 
Any  instrument  small  enough  to  be  carried  and  reliable  enough  to  be  operated  re¬ 
motely  is  a  candidate  for  use.  A  multitude  of  possibilities  could  be  listed,  no  list 
would  be  exhaustive,  but  for  illustration,  a  few  specific  examples  can  be  cited. 

The  most  familiar  operation  in  this  mode  is  the  measurement  of  meteorological 
parameters.  Using  a  single,  extensible  balloon  that  expands  as  it  rises  until  it 
bursts,  it  is  commonplace  on  Earth  to  send  instruments  aloft  that  measure  pressure, 
temperature,  radiant-heat  flux,  and  other  physical  quantities  as  a  function  of  altitude 
along  a  single,  more-or-less  vertical  line.  From  such  measurements  can  be  de¬ 
rived  the  variation  with  altitude  (over  a  single  point)  of  such  important  parameters 
as  density,  water- vapor  content,  and  radiation-flux  divergence.  On  Mars,  similar 
measurements  would  yield  important  information  about  the  structure  of  the  atmos¬ 
phere,  although  the  variation  of  many  atmospheric  parameters  in  space  and  time 
could  not,  of  course,  be  predicted  on  the  basis  of  one  sounding  (or  even  many 
soundings)  over  a  single  location. 

However,  a  simple,  single -point  balloon  ascent  on  Earth  can  provide  many 
geophysical  data  beyond  the  usual  meteorological  measurements,  and  the  same  is 
true  of  Mars.  As  stated  earlier,  however,  the  true  utility  of  a  vertical  rising  balloon 
sensor  is  only  realized  through  a  multiplicity  of  launches  distributed  in  space  and 
time.  Because  of  the  added  degree  of  complexity  and  the  demands  for  sei  lal 
reliability  that  such  a  requirement  places  on  the  balloon  system,  for  tin  purposes 
of  this  paper  we  will  not  consider  the  vertical  sounder  further  as  a  possible, 
currently  useful  Mars  exploration  tool. 
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Considerably  more  flexible  in  operation  is  a  balloon  that  can  float  for  a  long 
period  at  a  predetermined  density  level  in  the  atmosphere.  Such  a  vehicle  becomes 
an  observation  platform  of  good  stability  that,  depending  on  the  winds,  permits  a 
variety  of  measurements  to  be  made  over  a  considerable  distance  and  time. 

From  such  a  platform  drifting  across  Mars,  standard  meteorological  measure¬ 
ments  could  be  made;  the  resulting  data,  when  combined  with  measurements  made  by 
the  capsule  during  entry,  would  begin  to  yield  information  on  the  structure  and 
variability  of  the  Martian  atmosphere.  To  be  sure,  the  balloon  measurements  would 
be  made  at  a  single  density  level  in  the  atmosphere,  or  at  most,  at  two  or  three 
levels,  but  these  data  could  be  supplemented  by  parachuting  instruments  in  small 
packages  from  the  "mother"  balloon  at  regular  intervals.  Such  a  procedure  would 
add  anothei  dimension  to  these  data. 

A  platform  suspended  some  distance  below  the  balloon  would  permit  instruments 
to  look  down  or  up  at  quite  a  large  angular  area  of  ground  and  sky.  A  radiation 
detector  aimed  downward  could  sense  radiation  emitted  or  reflected  by  ground, 
clouds,  or  haze.  A  more  complex  photographic  or  television  camera  could  record 
surface-wind  directions  and  speeds  by  observing  dropped  smoke  bombs  or  flares, 
could  scan  surface  features  in  detail,  and  could  seek  evidence  of  life.  Data  from 
infrared  or  microwave  radiometers  would  permit  estimation  of  the  surface  tem¬ 
peratures  and  the  emissivities  of  relatively  fine  topographic  features.  A  gamma- 
ray  detector  could  provide  evidence  of  the  radioactivity  of  the  surface. 

A  spectrometer  and  a  polarimeter  aimed  upward  at  scattered  visible  sunlight 
would  provide  continuous  data  that,  combined  with  knowledge  of  the  look  angle  and 
the  solar  position,  would  provide  information  on  scattering  and  polarization  in  the 
atmosphere,  from  which  the  nature  of  airborne  particles  might  be  inferred.  Sensors 
could  detect  the  presence  of  clouds  and  haze  layers  in  the  high  atmosphere  and  thin 
horizontal  distributions,  either  of  which  could  then  be  studied  more  closelj  by  other 
methods.  Looking  up  in  the  ultraviolet  absorption  bands  of  ozone  would  lead  to  a 
determination  of  the  vertical  and  the  horizontal  distribution  of  that  gas. 

A  wind-carried  platform  would  permit  a  wide  variety  of  physical  observations 
to  be  made  at  the  floating  level.  The  magnetic  field  could  be  monitored  as  the 
balloon  drifts  away  from  its  launch  point.  Such  data  would  be  particularly  useful  if 
coupled  with  data  from  a  continuously- recording  magnetometer  at  the  home  base. 
There  are  other  important  physical  quantities  that  could  be  measured:  cosmic  rays, 
atmospheric  electric  fields  and  field  gradients,  and  electrical  disturbances  arising 
from  such  an  atmospheric  phenomenon  as  a  dust  storm. 

Finally,  although  certainly  not  lastly,  the  search  for  life  forms  can  be  aided  by 
balloon-carried  instruments.  As  a  part  of  this  search,  samples  taken  at  the 
floating  altitude  of  the  balloon  might  be  analyzed  for  the  presence  of  spores  and 
bacteria.  In  addition  to  the  photographic  or  television  survey  already  mentioned. 
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spectral  measurements  similar  to  those  made  by  Sinton  (1959)  might  produce  data 
on  the  presence  and  distribution  of  plant  life. 


4.  THE  BALLOON  AS  A  CONVEYANCE 

Used  as  a  conveyance,  a  balloon  can  serve  to  move  one  or  more  devices,  making 
it  possible  for  (a)  one  package  to  operate  successively  at  two  or  more  locations, 
or  (b)  a  number  of  devices  to  operate  simultaneously  at  more  than  one  location. 

By  combining  and  pyramiding  these  two  transportation  functions,  permutations  can 
be  evolved  that  are  limited  only  by  payload  restrictions. 

A  balloon  could  be  used  to  seed  a  number  of  similar  experimental  packages  over 
a  large  area  for  simultaneous  studies  of  selected  parameters. 

After  the  capsule  has  made  its  measurements  at  the  landing  location,  it  might 
also  be  desirable  to  move  the  entire  instrument  package  to  a  new  location  having 
different  environmental  characteristics.  The  balloon  would  be  launched  and  would 
rise  to  its  floating  altitude  carrying  the  instrument  package  and  noting  the  local 
albedo  of  the  ground.  It  would  continuously  monitor  the  albedo  of  the  planet's 
surface  as  it  drifted  with  the  wind  at  the  equilibrium  level.  When  the  albedo  was 
significantly  different  from  the  value  at  the  original  landing  point  it  would  descend. 
Obviously,  any  other  measurable  parameter  could  be  used  to  trigger  the  descent  of 
the  balloon,  the  objective  is  for  the  balloon  to  descend  where  the  "terrain"  is 
different  in  kind,  and  repeat  the  measurements. 

A  variant  on  the  operation  just  described  would  be  to  choose  in  advance  two  or 
more  surface  characteristics  that  would  be  of  most  interest.  Then  two  or  more 
balloon  units  would  be  included  in  the  capsule.  Regardless  of  the  change  environ¬ 
ment  at  the  landing  point,  the  balloons  would  separately  lift  the  units  and  would 
individually  seek  the  two  locations  whose  physical  parameters  corresponded  to  the 
preselected  values  (such  as  high  and  low  surface  radiativity  or  temperature),  at 
which  places  surface  studies  would  be  made. 

As  a  final  interesting  case,  the  balloon  might  be  used  to  separate  interfering 
parts  of  the  same  payload  or  parts  that  must  be  separated  for  the  payload  to 
function  properly.  Sensitive  electronic  and  radiation-measuring  equipment,  for 
example,  could  be  separated  from  a  nuclear  reactor.  Explosive  charges  could  be 
"seeded"  by  a  balloon  at  various  distances  from  a  seismometer. 

Having  allowed  our  imagination  to  wander  a  bit,  it  might  be  interesting  at  this 
point  to  examine  what  experiments  are  actually  being  thought  of  for  the  exploration 
of  Mars.  It  might  also  be  well  to  examine  how  such  a  set  of  experiments  meshes 
with  derived  balloon  capabilities. 
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As  part  of  the  planning  for  the  exploration  of  Mars,  considerable  work  has  been 
done  by  NASA  and  in  particularly  by  the  Jet  Propulsion  Laboratory  on  the  subject  of 
the  possible  scientific  experiments  to  be  accomplished  (Study  of  Mars  and 
Venus  Orbiter  Missions  Launched  by  the  3- Stage  Saturn  C-1B  Vehicle,  1963). 
Basically,  the  desired  objectives  of  such  exploration  are  threefold,  namely: 

1.  Exploration  of  the  surface  for  evidence  of  life  past  or  present,  or  precursors 
of  future  life. 

2.  Determination  of  the  geological  nature  and  history  of  the  planet. 

3.  A  continuation  of  interplanetary  space  -  physics  research. 

Forgetting  about  the  third  objective  which,  for  the  present  at  least,  is  not  connected 
with  experiments  that  could  be  accomplished  from  the  surface  of  the  planet,  let  us 
examine  what  finally  evolved  out  of  a  detailed  consideration  of  the  first  two  objectives. 
I  should  point  out  that  the  experiments  that  I  shall  mention  are  not  necessarily  those 
that  will  actually  be  done  on  early  Mars  missions,  but  rather  they  represent  the 
conclusions  to  come  after  thoughtful  consideration  by  the  Jet  Propulsion  Laboratory 
group. 

Under  the  first  objective,  the  search  for  evidence  of  life,  it  was  felt  that  there 
were  three  basic  sub-object* ves  that  determined  the  character  of  the  desired 
experiments,  and  that  these  are: 

1.  The  actual  search  for  life  (directly  or  indirectly),  in  the  micro-  or  macro- 
environment  of  the  planet,  either  presently  existing  or  through  biological  residues, 
showing  evidence  of  having  existed.  This  objective  is  involved  in  the  definition  of 
what  is  life  and  involves  searching  visually  for  life  forms,  and  such  things  as  an 
examination  of  the  metabolism  and  reproduction-  and  growth-rates  of  suspected 
life  forms  that  are  found. 

2.  Organic-chemical  analysis  of  the  planet  because  of  its  relevance  to  current 
ideas  on  biochemical  evolution  (once  again  a  search  for  evidence  of  present  or  past 
life  on  the  planet,  as  well  as  the  possibilities  for  future  life). 

3.  Ecological  studies  --an  examination  of  the  environment  (atmospheric, 
radiation,  and  so  on),  and  its  relationship  to  a  possible  biosphere.  In  this  connec¬ 
tion  the  environmental  properties  that  appear  to  be  most  interesting  are: 

a.  Prevailing  temperature  of  lower  atmosphere,  soil  surface,  and  immediate 
soil  subsurface,  and  their  diurnal  variations. 

b.  The  water  content  of  the  atmosphere  and  soil  and  its  physical  state  within 
the  soil. 

c.  The  intensity  and  spectral  distribution  of  the  radiant  energy  at  the  surface. 

d.  The  chemical  composition  and  the  surface  pressure  of  the  atmosphere. 

e.  The  mechanical  properties  of  the  soil  and  the  distribution  of  biologically 
significant  ions. 
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Under  the  second  objective,  the  sub-objectives  are: 

1.  Topography  --  the  mapping  of  the  geometry  of  the  surface  features  (down 
to  a  scale  of  about  a  meter),  and  the  division  of  the  surface  of  Mars  into 
units  of  homogeneous  surface  geometry,  surface  reflectivity  (total  and 
spectral),  size,  and  shape,  and  so  forth. 

2.  Surface  photography  to  determine  such  information  as  crustal  deformation, 
erosive  and  depositional  processes,  intensity  and  types  of  volcamc  activity, 
sequence  of  formation  of  surface  features,  and  consequent  establishment  of 
Martian  time  scale,  and  so  on. 

3.  Internal  structure  and  activity  --  seismology. 

4.  Petrologic  investigations  --  the  science  of  rocks  in  its  broader  aspects. 
Chemistry,  crystallization,  mineral  assemblage,  and  so  forth. 

5.  Surface  and  atmospheric  environment  --  atmospheric  composition,  surface 
radiation,  temperature  cycling,  large  eroding  wind  storms,  and  so  on. 

6.  Shape  of  the  planet. 

7.  Magnetic  field. 

These  then  are  the  objectives  for  the  scientific  exploration  of  Mars.  Certainly  they 
are  ambitious,  but  one  must  remember  that  they  represent  an  attempt  to  do  on  Mars 
what  has  already  been  done  on  Earth  but  at  a  much  more  accelerated  pace.  They 
are  what  ultimately  must  be  done  if  we  are  serious  about  exploring  Mars.  With  the 
recognition  that  some  of  these  objectives  can  be  met  by  orbiting  vehicles  (that  is 
to  say  vehicles  orbiting  Mars),  and  that  some  are  truly  beyond  our  present 
capabilities,  the  following  set  was  finally  chosen  as  being  within  the  capability  of  a 
single  Mars  lander: 

1.  A  comprehensive  biological  survey  by  employing  photography,  microscopy, 
light  scattering,  radioisotope  techniques  and  biological  reactions  for  specific 
biochemical  components,  also  growth  detection  over  extended  periods. 

2.  Color  surface  photography  of  resolution  varying  from  1  mm  at  2-m  distance 
to  5  cm  at  100-m  distance. 

3.  A  total  of  approximately  500  surface  pictures  (both  surface  photography  and 
microphotography). 

4.  Geological  information  through  techniques  of  seismometry,  x-ray  diffraction, 
and  petrological  microscopy. 

5.  Composition  and  meteorology  of  the  atmosphere  by  measurement  of  thermo¬ 
dynamic  parameters,  surface  conditions,  surface  wind  velocity  and  time 
variations  of  each  of  these. 

From  the  very  nature  of  these  experiments,  involving  as  they  do  measurements 
that  require  the  instrument  to  be  on  the  ground  as  well  as  those  tnat  do  not  carry 
this  requirement,  it  is  apparent  that  there  are  two  basic  ways  that  a  balloon  system 
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could  be  used  to  enchance  the  data  acquisition.  First,  one  might  conceive  of  the 
entire  package  landing  on  the  planet,  and  performing  its  assigned  mission  for  a 
specific  length  of  time.  At  the  end  of  this  period,  ?  balloon  is  inflated  and  the 
package  is  carried  to  a  second  location  to  repeat  its  measurement  cycle.  Second, 
as  an  alternative  mode  one  can  visualize  a  sensor  capable  of  making  measurements 
while  airborne  being  separated  from  the  main  capsule  (which  is  landed  on  the  planet), 
and  being  carried  by  balloon  during  its  entire  measurement  cycle.  Both  of  these 
possibilities  offer  obvious  desirable  advantages  which  have  been  mentioned  pre¬ 
viously,  however,  as  may  be  imagined  from  the  previous  paper,  both  modes  probably 
entail  a  considerable  payload  penalty.  In  the  final  analysis,  it  is  this  payload 
penalty  which  fixes  the  ultimate  feasiblity  of  the  balloon  system. 

The  degree  of  this  payload  penalty  can  be  determined  by  attempting  to  estimate 
the  payload  masses  involved  in  such  a  future  space  venture.  The  Jet  Propulsion 
Laboratory  people  drawing  on  their  considerable  experience  have  already  made 
this  estimate  (see  References).  The  estimated  masses  that  are  attached  to  the 
various  experiments  attempting  to  accomplish  the  goals  stated  earlier  are  given 
in  Table  1. 


Measurements 

Instrument 
mass  (kg) 

Biology 

13 

Geology 

15 

Atmospheric 

8 

Surface  Surveillance 

9 

Soil  and  Atmospheric  Sampling 

9 

Sound 

1 

TOTAL 

55 

The  instrumental  masses  are  of  course  only  the  beginning  in  any  analysis  of 
payloads.  In  addition,  one  must  include  a  sequencer,  computer,  data  handler, 
transmitter,  power  supply,  and  so  on,  and  doing  so  we  very  quickly  convert  the 
55  kg  to  something  of  the  order  of  300  kg.  If  we  then  add  the  required  structure  to 
hold  this  package  together,  we  finally  arrive  at  a  lander  capsule  with  a  mass  of 
~400  kg.  This  approximately  doubles  to^  750  kg  as  we  go  from  the  package  landed, 
through  a  heat  shield,  and  so  forth,  to  the  total  entry  vehicle  which  is  separated 
from  the  orbiting  capsule.  This  then  is  the  determinant  of  the  feasibility  of  a 
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balloon  system  to  do  the  first  job.  In  other  words,  if  we  are  to  move  the  entire 
package  with  its  load  of  sophisticated  experiments  to  a  new  location  we  are  faced 
with  the  problem  of  lifting  some  400  kg  from  the  surface  of  the  planet.  It  might  be 
well  to  point  out  here  that  even  if  we  were  to  further  miniaturize  our  electronics  and 
instruments,  we  are  still  left  with  a  considerable  mass  involved  in  a  power  supply 
(convertor,  batteries,  isotope  energy  source,  and  so  on)  which  may  be  much  more 
difficult  to  reduce. 

Moving  to  the  second  suggested  mode,  namely,  choosing  one  sensor  array  to 

become  a  balloon-borne  experiment,  we  can  select  the  atmospheric  package  as  the 

natural  candidate.  As  indicated  previously,  the  estimated  atmospheric  sensor  mass 

is ^8  kg.* **  To  this  mass  we  must  add  as  major  components,  a  power  supply,  a 

sequencer,  and  a  transmitter.  In  the  case  of  the  power  supply,  due  to  the  fact  that 

we  have  a  considerable  area  available  on  the  balloon,  we  can  conceive  of  utilizing 

an  array  of  solar  cells  and  storage  batteries  rather  than  the  much  more  massive 

isotope  source  and  convertor.  Applying  the  known  efficiency  and  conversion  factors 

(Study  of  Mars  and  Venus  Orbiter  Missions  Launched  by  the  3 -Stage  Saturn  C-1B 

2 

Vehicle,  1963),  we  find  that  some  5  ft  of  solar  cells  are  capable  of  providing  the 
instrumentation  power  requirements  during  the  sunlit  period  plus  an  additional 
amount  of  power  to  be  stored  for  use  during  the  dark  period.  If  we  double  this 
area  and  place  four  such  areas  equally  spaced  around  the  upper  hemisphere  of  the 
balloon,  they  should  cover  a  negligible  fraction  of  the  balloon's  surface  (of  the 
order  of  1  percent),  and  provide  an  adequate  source  of  power  despite  its  orientation. 
Once  again  taking  into  account  the  power  needed  and  assuming  a  conservative  battery 
capability  (30  w-hr/lb),  we  arrive  at  an  estimated  power  supply  mass  of  8  kg.  We 
will  arbitrarily  add  an  additional  8-9  kg  to  account  for  a  transmitter,  a  sequencer, 
and  to  increase  the  instrumentation  power  supply  to  handle  the  transmitter  require¬ 
ments.  We  therefore  finally  arrive  at  a  value  for  the  payload  mass  of  25  kg, 
recognizing  that  this  figure  has  been  artificially  inflated  to  be  conservative. 

We  recognize,  as  in  the  previous  paper,  that  in  all  probability  the  required 
balloons  are  too  large  to  be  launched  remotely  from  the  surface.  That  is  to  say,  it 
would  probably  increase  the  reliability  of  the  balloon  system  if  they  were  inflated 
while  the  capsule  descends,  thereby  never  permitting  the  package  to  reach  the  ground. 
In  this  case,  it  is  obvious  that  we  would  have  to  provide  two  complete  instrument 
packages  for  the  first  mode,  one  to  be  carried  by  the  balloon  to  a  different  location, 
and  one  to  descend  immediately  to  the  planet's  surface.  Taking  all  of  these  factors 


*This  would  include  instruments  to  measure  density,  pressure,  temperature, 
atmospheric  composition  (mass  spectrometer,  atmospheric  gas  chromatograph, 
and  so  on)  and  wind  motion. 

**We  have  assumed  that  the  determination  of  balloon  location,  data  processing, 
transmission  back  to  earth,  and  so  forth,  would  be  handled  by  the  orbiting  capsule. 
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into  account,  and  utilizing  the  techniques  presented  in  the  previous  paper,  we  can 
now  calculate  the  total  masses  involved  in  attempting  to  accomplish  the  two 
suggested  modes.  The  results  of  this  calculation  are  presented  in  Table  2.  These 
figures  take  into  account  both  the  "nitrogen  atmosphere"  of  Mars  based  on  an 
assumed  surface  pressure  of  85  mb,  and  the  "carbon  dioxide  atmosphere"  based  on 
the  recent  work  of  Kaplan,  Munch  and  Spinrad  (1964),  indicating  a  possible  surface 
pressure  of '■>*'20  mb.  It  should  be  noted  that  for  the  400-kg  payload  we  have 
assumed  and  equal-pressure  balloon  (relatively  short  duration)  and  a  density  which 
allows  it  to  just  clear  the  ground  (  <  5  km).  In  the  case  of  the  25-kg  payload  we  have 
assumed  a  super  pressure  balloon  (long  duration)  and  a  density  to  place  the  balloon 
at  an  altitude  of  about  10  km.  Naturally  these  assumed  atmospheres  carry  with 
them  a  considerable  uncertainty,  making  any  statement  as  to  the  actual  altitude  of 
these  balloons  somewhat  meaningless. 


Table  2 


Payload 

(kg) 

Density  at 
Floating 
ALtitude 

(gm/cm3) 

Total  Mass 
on  Planet 
(kg) 

Total  Mass  in 
Entry  Capsule 
(kg) 

Balloon 

Volume 

(ft3) 

400 

Equal-Pressure  1 
Balloon  J 

"N  " 

^2 

Atmos¬ 

pheres 

8  X  10'5 

~1500 

~2550 

1.9  X  105 

"co2" 

Atmos¬ 

pheres 

2  X  10'5 

~1700 

~2900 

8.4  X  105 

25 

Superpressure  j 
Balloon  J 

"N  " 

2 

Atmos¬ 

pheres 

6  X  10'5 

— 100 

~190 

2.2  X  104 

"co2" 

Atmos¬ 

phere? 

1.5  X  10~5 

~170 

~280 

1.3  X  105 

Nonballoon 

^-400 

~750 

Lander 

It  is  apparent  from  Table  2  that  in  the  case  of  the  400-kg  payload,  there  is  only 
a  minor  difference  between  the  total  masses  required  for  the  "C02"  and  the  "N2" 
atmospheres.  This  is  because  the  balloon  mass  which  is  the  component  that  undergoes 
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the  major  change  as  we  change  atmospheres  is  only  a  relatively  small  fraction  of 
the  total  payload.  In  the  case  of  the  25 -kg  payload,  however,  this  is  not  true  and 
the  actual  atmosphere  that  is  encountered  will  play  a  considerable  role  in  determining 
the  feasibility  of  this  system. 

In  general  we  may  conclude  that  balloon  payloads  of  the  order  of  400  kg,  while 
very  attractive  from  the  standpoint  of  what  they  can  accomplish,  ultimately  multiply 
back  into  too  great  a  total  oad  to  be  considered  for  Mars  missions  in  the  near 
future.  This  is  apparently  true  even  if  we  take  into  account  the  possible  uncertainties 
inherent  in  this  analysis.  Examining  the  alternative  second  mode,  we  see  that  even 
if  once  again  we  take  into  account  the  potential  uncertainties,  in  all  probability  we 
cannot  do  the  original  lander  mission  and  also  float  a  small  package  on  a  balloon. 
From  our  calculations,  however,  it  is  apparent  that  what  may  be  feasible  within 
the  visualized  Mars-mission  capabilities  in  this  decade  is  a  floating  experiment 
containing  approximately  10  kg  of  sensors  and  a  considerably  reduced  package  on 
the  ground  (sensor  mass  of  the  order  of  ?5  kg).  Alternatively,  one  might  consider 
a  somewhat  larger  floating  package,  two  or  more  smaller  balloon-borne  payloads, 
or,  possibly  most  intriguing,  a  single  small  payload  (10  kg)  plus  several  small 
droppable  sensors  to  be  "seeded"  during  the  total  measurement  cycle.  In  any  case, 
balloons  appear  to  offer  a  new  dimension  now  and  in  the  future  to  the  exploration  of 
a  planet  such  as  Mars,  and  certainly  warrant  further  study  in  this  connection. 
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XXXI.  The  Balloon  as  a  Stepping-Stone 

to  Space  Flight 

Otto  C.  Winzen 
Winzen  Research  Inc. 
Minneapolis,  Minnesota 


Abstract 


The  plastic  balloon  vehicle,  native  to  the  United  States,  is  a  valuable,  proven 
test  platform  which  could  serve  to  fill  the  gap  between  earth-bound  simulators  and 
final  space  flight.  Balloons  operate  at  an  altitude  where  the  environment,  both 
physically  and  psychologically,  resembles  closely  that  of  space  flight.  The  balloon 
vehicle  is  uniquely  capable  as  a  manned  space  station  analog  with  the  capability  of 
long  flight  duration,  at  low  cost  and  immediate  availability.  In  the  search  to  reduce 
the  exorbitant  cost  of  test  programs  leading  to  manned  and  unmanned  space  flight, 
we  would  be  remiss  not  to  explore  its  unique  capabilities.  The  high  confidence 
level  achieved  by  seven  successful  major  manned  flights  made  by  Winzen  Research 
Inc.  for  the  U.S.  Navy  and  U.S.  Air  Force  add  to  the  attractiveness  of  the  vehicle. 
The  paper  presents  illustrations  of  these  operations,  illustrations  of  polyethylene 
balloon  capabilities,  and  advanced  concepts. 


Seventeen  years  have  passed  since  we  flew  the  first  plastic  Skyhook  balloon, 
sponsored  by  he  Navy  Office  of  Naval  Research,  then  still  the  Office  of  Research 
and  Inventions.  1  he  objective,  then  and  now,  was  not  so  much  to  improve  the  art  of 
ballooning  as  to  develop  a  reliable  and  inexpensive  research  tool  and  test  platform 
for  science. 


I'  or  this  reason,  then,  ours  is  essentially  a  transportation  company  which  de¬ 
signs  and  builds  the  vehicles  and  conducts  the  flight  service.  The  scientific  ex¬ 
periments  are  performed  by  civilian  and  government  scientists.  We  try  not  to 
encroach  on  their  territory. 

Despite  its  apparently  "built-in"  ups  and  downs  the  industry  has  made  steady 
progress  as  is  evidenced  at  this  fine  meeting  arranged  by  our  hosts,  the  AFCRL. 

As  a  result,  many  new  people  have  come  in  contact  with  our  industry,  and  it  may 
therefore  be  in  order  to  review  some  of  the  accomplishments,  and  to  point  out  some 
of  the  unique  advantages  of  the  plastic  balloon  vehicle  as  a  test  bed. 

Those  of  us  associated  with  the  missionary  work  know  that,  while  balloons  may 
have  become  respectable  and  have  gained  in  scientific  stature,  their  capabilities 
need  to  be  continuously  expanded  and  adapted  to  the  increasing  and  changing  needs 
of  science.  While  much  has  been  accomplished,  I,  for  one,  feel  that  the  most  signif¬ 
icant  contributions  the  balloon  vehicle  can  make  still  lie  ahead.  The  fact  that  the 
balloon  work  has  attracted  so  many  competent  workers,  and  continues  to  hold  their 
interest,  is  evidence  of  its  dynamic  potential. 

However,  our  industry  will  not  grow  by  itself.  If  it  is  to  support  more  than  one 
or  two  companies,  we  must  develop  new  applications,  new  materials,  new  instrumen 
tation,  and  new  equipment.  A  good  example  is  the  first  Navy  contract  I  mentioned 
at  the  beginning  of  this  paper.  It  was  not  a  contract  to  develop  the  balloons.  Such 
a  contract  proved  to  be  impossible  to  obtain.  Instead,  it  was  a  contract  to  do  a 
particular  research  job  in  which  the  balloon  vehicle,  yet  to  be  developed,  was  used 
as  a  test  platform. 

One  of  our  company's  main  interests  has  been  the  development  and  the  applica¬ 
tion  of  the  heavy- load  balloon  to  test  programs  leading  to  manned  space  flight.  We 
feel  that  in  this  area,  one  of  our  nationa  goals,  the  balloon  vehicle  has  a  mission 
which  may  fill  the  wide  gap  between  ear’h-bound  simulators  and  space  flight.  In 
the  effort  to  reduce  the  exorbitant  cost  and  long  lead-time  of  such  test  programs, 
we  would  be  remiss  not  to  explore  and  apply  the  unique  capability  of  the  balloon 
as  a  test  bed  operating  in  an  environment  which  closely  resembles  that  of  orbital 
flight,  within  certain  limits,  of  course.  But  then,  all  simulators  have  limits.  A 
pilot  knows  that  flying  a  Link -trainer  is  not  the  same  as  flying  an  airplane.  The 
Link -trainer  is  on  the  ground  and  the  pilot  knows  it. 

To  summarize,  this  substantial  pool  of  experience  offers  the  background  for 
serious  work  in  the  test  program  leading  to  manned  space  flight.  The  vehicle  offers 

1.  Physical  environment  more  closely  resembling  that  of  space  than  that 
achieved  by  any  other  simulator. 

2.  The  psychologically  correct  stress  environment. 

3.  A  proven  vehicle  of  high  confidence  factor. 
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4.  The  safety  of  three  possible  means  of  return  to  earth  for  pilots. 

5.  Relatively  low  cost. 

6.  Relatively  short  lead  time. 

7.  Heavy  load  capability. 

8.  Extended  flight  duration  capability. 

9.  Capability  of  carrying  larger  crew. 

While  we  cannot  presume  to  know  all  the  problems  involved  in  the  space  test 
work  here  are  some  the  balloon  vehicle  may  be  able  to  solve. 

1.  Selection  and  training  of  astronauts  in  space  craft. 

2.  Space  equivalent  testing  of  components  and  subsystems. 

3.  Preliminary  run-through  of  manned  space  experiments. 

4.  Study  of  crew  efficiency  and  performance  in  stress  environment,  in  prolonged 
flight. 

5.  Test  of  life-support  systems,  including  temperature  control. 

6.  Test  of  air  locks,  possibly  of  docking  procedures. 

7.  Test  of  space  suits,  under  supervision  of  space  surgeon. 

8.  Run-through  of  communications  and  telemetry  methods  and  equipment. 

9.  The  important  study  of  man/machine  relationships. 

10.  The  study  of  the  dust  layers  at  high  altitudes  reported  by  all  pilots  on  past 
flights. 

11.  Astronomical  and  astrophysical  work  in  the  study  of  planetary  atmospheres 
and  surfaces. 
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Figure  1.  Artist's  Drawing  of  Manned  Malloon  Capsule  at  Altitude,  Showing  Near- 
Space  Environment:  (1)  Closely  resembles  visual  environment  of  orbiting  capsule 

(2)  Psychological  stress  environment  is  correct  (no  panic  button  is  available). 

(3)  Return  to  earth  difficult  and  traumatic  as  in  space  capsule  (however,  there  is 
the  safety  of  three  methods  of  return  .‘o  earth,  on  the  balloon,  on  the  gondola  para¬ 
chute,  on  the  personnel  parachute  at  lower  altitude).  (4)  High  confidence  level  as 
a  result  of  seven  successful  major  flights.  (5)  Simulator  which  resembles  space 
ship,  no  noise,  vibration,  and  so  on,  as  in  airplane.  (6)  Above  99%  of  the  earth's 
atmosphere,  good  enough  for  preliminary  tests  of  manned  space  experiments  with 
only  the  element  of  weightlessness  missing 
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Figure  2.  Graph  of  WRI  Progress  in  Balloon  Technology.  Figure  shows  progress  from  original  Skyhook  balloon 
which  carried  70  pounds  to  100,000  feet  on  a  200,000-cubic-foot  vehicle,  steady  progress  in  size  of  balloons  and 
payloads.  1959  bars  show  10,000,000-cubic-foot  balloon  inflated  to  a  gross  inflation  of  15,000  pounds,  this  on  a 
1-mil  capped  polyethylene  balloon;  gross  inflation  is  equivalent  to  a  payioad  capability  of  12,000  pounds 
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Figure  3.  WRI  Main  Plant  in  Minneapolis  455  Feet  Long  Emphasizes  Requirement  for  Huge  Balloon  Loits  to 
Accommodate  Balloon  Assembly  Tables  up  to  420  Feet  Long.  Balloon  industry  requires  10  times  the  floor  space  of 
the  next  comparable  industry,  the  textile  industry,  per  dollar  of  sales  volume,  explaining  one  o'  the  overhead  prob¬ 
lems  of  the  industry 


444 

4-4-1- 

444 

4-  i-f 

44—4- 


JttJHdSOWi V  JO  39V1H30«3<J 


m 

5;S 

552 


Mi 
4 — — [ 


4  — | — 4 

44  4 


--H 

•  -4-  4 
—  4 
— r4 

— a 

- — - 

— (-4 

■44 


X33J  oooi  x  aoniinv 


Figure  4.  Heavy  Duty  Performance  Curves  Showing  a  Family  of  Some  of  the  Larger  WRI  Balloons.  Example,  10,000 
pound  payload  to  95,000  foot  altitude 
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Figure  7.  Artist's  Drawing  of  Manhigh  Gondola 


1  if>ui -t  H.  Manhiph  II  Gondola  on  Tr  irk-IUd  Prim  to  Launching  from  Open 
Pit  Mini  m  Northern  Minnesota.  Will  etew  ot  10  men  eonduets  launetunp 
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Figure  9.  U.S.  Navy  StratoLab  !  and  II  Gondola  for  Daylight  Flight  Operations 
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Figure  10.  U.S.  Navy  StratoLab  IV  Gondola  with  Johns  -  Hopkins  Schmitt 
Telescope  Prior  to  Launching  From  Strato  Howl  South  Dakota.  First  discovery 
of  water  vapor  in  atmosphere  of  planet  Venus 


Figure  11.  WRI  Ralloon  Launching  From  Open  F'it  Iron  Mine  in  Northern 
Minnesota 


Figure  13.  Artist's  Drawing 


troi  through  electrically  operated  Venetian  blind  system 


382 


l  1  4  •  f  4  4  1  T  T  T 

000  •  4lJ«+  li"A'4,» 


■  f 


II 


Figure  15.  Result  of  Test  Flight  Showing  Range  of  Radiation  Temperature  Control  by  Means  of 
Venetian  Blind  System 
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Figure  19.  StratoLab  V  Test  Gondola  During  Preparation  for  Training  Launch  on  Deck 
of  Carrier 
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Figure  21.  Diagram  of  Dry  Recovery  Method  for  Balloon  Loads 
Applicable  to  Both  Manned  and  Unmanned  Balloon  Flights 
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1-  igurt  22.  View  ol  Stratol .ah  V  Tost  Gondola  Being  Hauled  Down 
for  I  uncling  on  Alter  -Deck  of  t'ai  r  ior 


[•  After  Landing  of  Manned  Test  Gondola 


'lgure  23.  Side  View  of  Carrier 
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XXXII.  Cosmic  Ray  Balloon  Expedition 

to  India,  IQSY-EQEX 


R.  Kubora 

National  Center  for  Atmospheric  Research 
Boulder,  Colorado 

B.  Stiller 
Nucleonics  Division 
U.  S.  Naval  Research  Laboratory 
Washington,  D.  C. 


.,ince  early  1963,  the  United  States  Committee  for  the  International  Quiet  Sun 
Year  (IQSY)  of  the  National  Academy  of  Sciences  has  studied  the  feasibility  of  send¬ 
ing  a  balloon  expedition  to  the  vicinity  of  the  equator  during  this  IQSY  period,  to 
conduct  research  in  the  field  of  cosmic  radiation.  The  committee  held  several 
meetings  with  interested  experimenters  and  found  that  there  was  strong  interest 
in  such  an  expedition. 

Informal  discussions  were  held  with  Professor  M.  G.  K.  Menon,  Director  of 
the  Cosmic  Hay  Laboratory,  Tata  Institute  of  Fundamental  Hesearch,  Bombay, 
about  the  possibility  of  organizing  a  joint  expedition.  Mis  group  also  expressed 
strong  interest  in  such  a  venture  and  official  sanction  for  the  expedition  was 
obtained  from  the  Indian  IQSY  Committee. 

The  program  thus  became  a  joint  Indo- American  IQSY  activity.  A  proposal 
for  funding  the  expedition  was  submitted  to  the  National  S  *ence  Foundation  and 
has  been  approved.  The  authors,  Robert  Kubira,  National  Center  for  Atmospheric 
Research,  and  Bertram  Stiller,  U.  S.  Naval  Hesearch  Laboratory,  are  serving, 
respectively,  as  Project  Manager  and  Scientific  Coordinator. 
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Approximately  16  flights  will  be  flown,  all  of  them  being  planned  to  reach  at 
least  120,000  feet  and  to  stay  at  floating  altitude  for  at  least  8  hours.  Table  1  is 
a  table  summarizing  the  experiments  and  the  conditions  necessary  fcr  successfully 
carrying  them  out.  Two  important  scientific  reasons  for  making  these  flights  in 
India  are: 

1.  To  obtain  cosmic- ray  data  near  the  earth's  geomagnetic 
equator  at  altitudes  much  higher  than  previously  attained. 

2.  To  obtain  these  data  during  IQSY  so  as  to  permit  compari¬ 
son  with  data  obtained  at  other  latitudes  during  the  same 
part  of  the  solar  cycle. 

In  addition,  due  to  the  development  of  new  measuring  techniques  such  as  spark 
chambers  and  solid-state  detectors,  it  will  be  possible  for  the  first  time  for  cosmic 
ray  physicists  to  intercompare  data  obtained  by  a  large  variety  of  detecting  systems 
This  possibility  is  of  special  interest  when  analyzing  data  obtained  near  the  geo¬ 
magnetic  equator  because  the  earth's  magnetic  field  permits  mainly  galactic  cosmic 
radiation  to  reach  the  detectors.  Such  data  can  be  used  to  study  astrophysical 
problems  connected  with  the  origin  of  cosmic  rays  and  with  stellar  evolution. 

Two  major  problems  faced  the  expedition  in  addition  to  the  usual  ones  con¬ 
nected  with  diplomatic  clearances,  logistics  and  funding. 

First,  the  location  in  India  and  the  time  of  year  had  to  meet  the  general  require 
ments  of  long  floating  times  and  need  for  recovery.  Although  wind  conditions  are 
fairly  well  known  up  to  about  100,000  feet  for  Central  India  where  long  duration 
flights  are  possible,  essentially  nothing  is  known  about  wind  conditions  above 
120,  000  feet.  On  the  basis  of  a  thorough  operational  analysis  by  Mr.  Samuel  Solot 
of  the  National  Center  for  Atmospheric  Research,  using  available  data,  it  was  de¬ 
cided  to  plan  launching  the  flights  in  the  period  March-A  -ril  1905.  During  a  recent 
survey  trip  to  India  for  site  location,  discussions  were  held  with  Indian  meteorolo¬ 
gists  which  led  to  the  same  conclusions.  Additional  discussions  with  members 
of  the  balloon  group  at  the  Tata  Institute  of  Fundamental  Research,  who  have  suc¬ 
cessfully  flown  and  recovered  60  cosmic- ray  experiments  in  Central  India  during 
the  last  several  years,  further  strengthened  our  decision.  The  primary  launch  site 
will  be  Hyderabad,  but  two  secondary  sites,  one  on  the  east  and  the  other  on  the 
west  coast,  were  also  selected  to  allow  for  strong  easterly  or  westerly  winds  at 
floating  altitude.  In  order  to  make  trajectory  forecasts,  sounding  balloons  carry¬ 
ing  hypsometers  will  be  launched  daily  and  tracked  by  our  GMD-  1  unit.  This  pro¬ 
gram  will  commence  about  two  weeks  before  the  cosmic-ray  flights  in  order  to 
provide  current  information  about  the  wind  conditions  above  120,  000  feet. 

Second,  the  occurrence  of  tropopause  temperatures  as  low  as  -80*C  at  these 
latitudes  in  the  Spring  could  further  aggravate  the  already-difficult  problem  of 
tropopause  penetration  by  polyethylene  balloons. 


Table  1.  Cosmic  Ray  Balloon  Expedition  to  India-  1965,  IQSY- 
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The  use  of  mylar- scrim  balloons  was  contemplated  until  it  was  shown  that  this 
material  was  not  yet  capable  of  being  used  for  successful  flights  of  large  balloons. 
The  introduction  of  Stratofilm  by  Winzen  Research,  Inc. ,  gave  us  the  opportunity 
to  conduct  a  series  of  trial  flights  for  the  purpose  of  comparing  this  material  with 
the  "normal'1  polyethylene  being  used  by  other  balloon  manufacturers.  Four, 

3- million- cubic- foot,  taped,  3/4-mO  Stratofilm  balloons  were  purchased  from 
Winzen,  and  four  similar  but  tapeless  balloons  of  "normal"  polyethylene  were 
purchased  from  Raven  Industries.  All  eight  balloons  were  launched  during 
OPERATION  COLDTROP  from  Panama  where  low  tropopause  temperatures  were 
expected.  The  launchings  were  carried  out  by  NCAR  personnel  with  the  enthusiastic 
support  of  an  observer  from  Winzen  Research  whose  cooperation  is  gratefully 
acknowledged.  Table  2  tabulates  the  results  of  these  eight  flights.  Balloons  made 
of  "normal"  polyethylene  burst  in  3  out  of  4  flights  and  successfully  penetrated  the 
tropopause  only  once.  The  two  Stratofilm  balloons  which  were  launched  went  into 
floating  altitude  successfully.  Unfortunately,  constructional  defects  in  the  other 
two  Stratofilm  balloons,  discovered  during  inflation,  forced  us  to  abort  these  flights. 
As  a  result  the  already- limited  statistical  validity  of  our  test  program  was  dras¬ 
tically  reduced.  Our  decision  to  use  balloons  made  of  Stratofil  n  on  this  expedition 
is  therefore  based  primarily  on  the  long  history  of  "normal"  polyethylene  balloon 
bursts  at  the  tropopause,  including  the  three  at  Panama,  and  only  secondarily  on 
the  lOO^o  t  70^o  success  rate  of  the  two  Stratofilm  balloons  in  Panama. 

The  flight  operations  will  be  conducted  by  Raven  Industries  and  the  anchor¬ 
line  launch  technique  will  be  used  for  all  flights,  with  the  exception  of  the 
2000-pound  payload  for  the  Tata  Institute.  This  will  be  launched  dynamically, 
using  a  launch  arm  mounted  on  a  truck.  All  flights  will  be  tracked  by  an  aircraft 
which  will  also  direct  surface  vehicles  to  the  area  of  impact  for  recovery  of  pay- 
loads.  If  weather  and  other  conditions  permit,  one  flight  will  be  launched  every 
other  day,  so  that  approximately  five  weeks  will  be  needed  for  all  of  them.  The 
authors  will  be  in  the  field  for  the  duration  of  the  expedition  and  will  serve  in  their 
respective  capacities  in  order  to  insure  that  optimum  conditions  exist  from  the 
point  of  view  of  each  scientific  group  before  a  balloon  flight  is  attempted. 

Although  the  motivation  for  this  expedition  came  from  the  cosmic- ray 
community,  i*  is  within  the  scope  of  the  expedition  to  make  exposures  for  other 
scientists.  Questions  concerning  such  exposures  should  be  sent  to  either  of  the 
authors. 


Table  2.  Project  Coldtrop 
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XXXIII.  The  Technique  of  Clusters 
of  Sounding  Balloons 

Audouin  Dollfus 
Section  d'Astrophytique,  Observotoire  de  Paris 
Meudon,  Seine  et  Oise,  France 


I.  I  III  IHIIMUII  lll'TIIMNSOI  llll  \  I  Mil  l  It \l  I  CON  < 

Dilatal  le  sounding  balloons  with  meml  rant’s  of  elastic  latex  or  neoprene  are 
urrently  u  ed  for  lifting  light  payloads  up  to  100,000  feet.  We  developed  a 
technique  for  linking  many  such  balloons  to  carry  heavy  payloads. 

Fach  balloon  is  manufactured  with  two  necks,  one  at  the  bottom  and  the  other 
diameti  ically  opposite  at  the  top.  A  vertical  cable  is  passed  through  the  two 
necks,  tin  inferior  neck  is  linked  to  the  cable  and  carries  the  lift,  the  zenithal 
neck  is  gas-tight  around  the  cable,  but  can  slip  along  this  cable  to  accommodate 
the  balloon's  increase  in  size  with  altitude  (Figure  1). 

By  ropes  and  winches  we  were  able  to  build  up  more  than  3U  such  balloons  one 
above  the  other,  like  a  str  nig  of  beads.  The  first  balloon  at  the  top  has  a  single 
net  k  and  is  less  inflated  than  the  others  in  order  to  avoid  a  premature  burst  which 
might  cause  the  cable  and  fragments  to  fall  on  top  of  the  second  balloon,  and  so  on. 

Preliminary  experiments  were  conducted  with  French  Delacoste  2, 000-gram 
balloons,  and  with  British  Heritex  -1,500 -gram  balloons  carrying  16  pounds  each  at 
35,000  tf-et.  We  finally  used  Dewey  and  Alrny  large  7,000-gram  neoprene  Darex 
balloons,  each  lifting  70  pounds  at  100,000  feet. 
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Figure  1. 


Schematic  Drawing  of  a  Chain  of  Dilatable  Sounding  Balloons 


401 


Some  of  these  ba'loons  were  tested  on  the  ground  by  inflating  with  compressed 
air  to  the  bursting  pc  nt.  Balloons  of  different  categories  were  studied  also  with 
increasing  lifts  and  payloads  to  the  limit  of  strength  of  the  membrane  around  the 
inferior  neck  carrying  the  weight.  The  designs  of  the  necks  and  load  holders  were 
improved  and  tested  in  flights;  large  Darex  7,000-gram  single  balloons  v.ere 
successfully  launched  with  lifts  as  high  as  90  pounds. 

Aerodynamical  drags  on  these  balloons  were  studied.  For  the  experiments  on 
horizontal  drags,  the  balloon  or  clusters  of  balloons  were  linked  to  a  lorry  moving 
with  increasing  speed  against  the  wind.  Deformations  of  the  balloons  were  recorded, 
critical  values  were  deduced  above  which  expansion  oi  the  membrane  in  vail  sharply 
inci  eases  the  drag  coefficients. 

Vertical  drags,  with  the  change  of  aerodynamical  type  of  flow  for  a  critical 
value  of  the  Reynolds  Number  and  its  reaction  on  the  balloons,  were  studied  in 
flight  with  high-sensitivity  radar  trackings. 

Taking  into  account  the  information  gained  from  these  experiments  on  single 
balloons,  we  were  able  to  proceed  to  the  study  of  chains  of  5  to  25  balloons,  for 
flights  with  heavy  payloads  (Figures  2  and  3).  Routine  flights  were  launched  with 
wind- velocity  tolerance  near  the  gr  ound  ranging  up  to  12  knots.  Payloads  of  500 
pounds  are  lifted  with  rapid  ascending  rates  of  1,500  feet  per  minute.  Approaching 
the  mean  altitude  of  burst,  some  balloons  burst,  reducing  the  rate  of  ascent,  and 
finally  the  whole  equipment  stabilizes  at  ceiling  altitude,  genet  ally  between  90,000 
and  100,000  feet.  Durations  at  floating  altitude  are  difficult  to  predict  if  no 
ballasting  is  involved,  but  often  range  between  15  and  90  minutes. 

Of  particular  interest  is  the  versatility  of  the  technique,  and  the  safety  of  the 
design.  The  danger  of  failure  of  balloons,  caused  in  large  plast.c  balloons  by 
defects  in  fabrics,  is  minimized  by  the  great  number  of  balloons.  The  technique 
is  particularly  safe  for  manned  flights.  I  he  author  experienced  a  night  flight  in  a 
sealed  cabin  weighing  1500  pounds,  with  a  five-hour  duration  at  43,000  feet,  lifted 
by  a  chain  of  104  Beritex  balloons  clustered  according  to  a  preliminary  and  less 
elaborate  technique  (successive  stages  of  clusters  of  3  balloons).  A  report  of  this 
flight  is  given  by  the  author  in  the  following  paper. 

2.  U’l’I.U  \TIO\  01  4 111  VIN S  UK  fl M.I.OONS  I  UR  1 III  "II  IH  01  RIM)  "III  \H  SI  HH  I  I  HI  " 

Some  of  the  instrurne..ial  pay'loads  launched  for  unmanned  flights  include  a 
vertical  camera  recording  motions  of  the  clusters  of  balloons.  The  motion  of  the 
great  vertical  chain  of  balloons  seen  from  below  is  a  very  sensitive  indicator  of 
the  wind  shears  in  the  earth's  atmosphere.  Figure  4  illustrates  tin*  successive 
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Figure  2.  Chain  of  Balloons  for  Flights  with  Heavy  Fayloads 


configurations*  of  the  cable  when  passing  through  a  sharp  layer  of  discontinuity 
of  wind  velocities.  Figures  5  and  6  are  selected  photographs  taken  from  films 
recorded  in  flight  by  the  camera  located  in  the  gondola.  Time  intervals  and 
differences  of  height  (in  meters)  between  each  frame  and  the  first  one  are  reported. 

From  these  illustrations  one  can  deduce  the  successive  configurations  of  the 
cable.  These  data  are  compared  with  the  vertical  shapes  computed  for  different 
relative-wind  velocities  between  two  layers.  Different  thicknesses  for  the  inter¬ 
mediate  layer  and  the  resulting  vertical  wind- velocity  gradients  in  that  layer  are 
also  investigated. 

The  films  often  disclosed  very  sharp  discontinuities  in  wind  velocities.  The 
■ntermediate  layer  was  often  found  to  be  very  thin,  the  increase  of  wind  velocities 
being  localized  in  less  than  40  meters  only. 
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Figure  3.  Chain  of  Balloons  for  Flights  with  Heavy  Payloads 


Resulting  gradients  as  high  as  0.2  or  0.4  meters  per  second  for  each  meter  of 
difference  in  height  are  indicated.  These  figures  are  larger  than  those  resulting 
from  the  conventional  technique  of  study  of  wind  shears  by  accurate  radar  tracking 
of  single  sounding  balloons.  The  layers  of  discontinuities  are  sharper  than 
expected. 


3.  STI  DIFS  OF  SCINTILLATION  Oh  STARS  AND  DM  I  Rll  ANI  LS  IN  TKLKSCOPIC  OBSKIIA  ATIONS 

The  wind-shear  discontinuities  are  responsible  for  optical  inhomogeneities  in 
the  earth's  atmosphere.  The  turbulent  layers  generate  disturbances  in  the  propaga¬ 
tion  of  beams  of  light;  as  a  result,  telescopic  observations  of  stars  and  planets  are 
blurred,  and  stars  twinxle. 
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Figure  5.  Photographs  of  Chain  of  Balloons  Taken  in  ^ light  by 
Camera  in  Gondola 
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Figure  6.  Photographs  of  Chain  of  Balloons  Taken  in  Flight  by 
Camera  in  Gondola 


One  purpose  of  our  balloon  observations  was  the  study  of  these  effects.  On 
March  30,  1960,  the  temperature  recorded  by  thermistors  on  board  was  respectively 
-53°C  and  -58°C  above  and  below  a  sharp  slv-ar  of  0.2  second  The  pressure 
was  240  mb  and  the  resulting  refractive  indexes,  n,  were  computed  respectively  to  be 
77  X  10  J  and  79  X  10  The  difference  A  n  amounted  to  2  X  10  A  differential 
geometrical  path  of  only  L  10  cm  generates  a  difference  of  optical  path,  A  n  •  I ,, 
of  0.2  micron  larger  than  the  limit  of  tolerance  of  one  quarter  of  a  wavelength 
needed  for  perfect  imaging  of  thi  telescope. 

Very  faint  waves  in  the  dioptre,  with  slopes  of  the  order  of  only  20  inches,  when 
the  local  length  is  of  the  order  of  10  km,  make  the  light  converge  and  diverge.  The\ 
generate  the  rapid  variations  of  brightness  of  stars  called  scintillation.  Observa¬ 
tions  at  different  heights  by  the  author  during  nighttime  manned  balloon  flights 
showed  that  scintillation  of  stars  appeared  to  be  connected  with  the  wind  shears 
recorded  by  sounding  balloons.  Approaching  a  layer  disturbed  by  shears  the 
scintillation  increases  because  the  waves  focusing  light  on  the  observer  are  of 
increasing  slopes.  Above  the  disturbed  layer,  the  situation  immediately  improves. 

Stellar  scintillation  and  the  blurring  of  the  seeing  through  ground-based 
astronomical  telescopes  are  clearly  proved  to  be  generated  at  least  in  part  by 
shears  in  the  motions  of  layers  of  air  in  our  atmosphere. 
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XXXIV.  Detection  of  Water  Vapor  in  the 
Atmospheres  of  Venus  and  Mars 


Audouin  Dollfus 
Section  d' Astrophy  sique,  Observatoire  de  Paris 
Meudon,  Seine  et  Oise,  France 


Since  1 11b *4  we  have  developed  a  program  for  spectroscopic  detection  of  water 
vapor  in  the  atmosphere  of  the  planets  Venus  and  Mars.  The  procedure  consists 
of  a  photometric  cornpat  ison  of  the  intensities  of  the  H,;Q  infrared  specti  al 
absorption  bands  between  the  planets  and  the  Moon  (or  the  Sun).  After  reduc  tion 
to  the  same  paths  in  the  atmosphere,  and  provided  the  spectral  band  is  not 
saturated,  the  difference  between  the  two  signals  delivered  by  the  planet  and  t fit 
Moon  (or  the  Sun)  indicates  the  amount  ol  water  m  the  atmospm  re  of  the  planet. 

High  sensitivity  requires  selection  ol  a  strong  spec  tr  al  baud,  but  these  bands 
are  desaturated  only  at  high  altitude  in  our  atmosphere.  The*  efore,  a  balloon- 
borne  telescope  is  particularly  appropriate  lor  our  program. 

To  select  the  required  wavelength  range  of  spectrum  centered  on  an  absorption 
band  of  M9C),  we  used  a  birefringent  filter  of  the  type  designed  by  B.  Lyot.  Figure 
1  shows  the  pi  inc  iple  of  the  modulation  of  the  light  by  an  absorption  band.  A 
periodic  change  in  the  orientation  of  the  last  polari/.er  in  the  hirelnngent  filter 
gives  alb  r  nntely  a  transmission  curve  of  hype  1  c  entered  at  the  absorption  band 
(Position  1),  and  of  Type  2  with  two  maxima  on  the  continuum  on  both  sides  ol  the 
absorption  band  (Position  2). 
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ABSORPTION  BAND 


The  main  advantage  of  this  technique  is  its  large  field.  The  filter  has  a 
surface  of  1.5  inches  X  1.5  inches,  corresponding  to  a  field  of  half  a  degree  at  the 
focal  plane  of  the  telescope  (Figure  2).  Such  a  large  tolerance  for  the  pointing  of 
the  telescope  demands  no  accurate  tracking  and  no  elaborate  image-stabilization 
device;  manual  control  of  the  telescope  by  the  observer,  who  looks  at  the  field 
through  the  eyepiece  of  an  auxiliary  telescope,  provides  the  required  accuracy 
with  no  additional  electronics.  Figure  3  is  a  sketch  of  the  balloon-borne  telescope. 

In  order  to  test  the  feasibility  of  telescopic  astronomical  observations  from  a 
balloon,  and  to  select  the  best  spectral  band  for  the  detection  of  water  in  planetary 
atmospheres,  we  organized  in  1954  a  preliminary  manned  balloon  flight. 

A  specially-designed  azimuthal  telescope  equipped  with  an  infrared  spectro¬ 
photometer  was  flown  to  23,000  feet  during  a  seven-hour  nighttime  manned  balloon 
flight  -  historically  the  first  balloon  flight  instrumented  for  astronomical  telescopic 

observations  -  (Figure  4).  We  observed  Mars,  the  Moon  and  the  Sun.  Our  observa- 

2 

tions  showed  the  amount  of  water  above  20,000  feet  to  be  0.026  gr/cm  .  We  con¬ 
cluded  from  this  flight  that  a  balloon-borne  gondola  has  enough  stability  for  the 
operation  of  an  astronomical  telescope,  and  that  the  1.4 -micron  band  of  HgO  is 
suitable,  with  the  high  sensitivity  of  the  lead  sulfide  photocells,  provided  that  the 
balloon  observations  are  made  at  altitudes  of  at  least  40,000  feet. 

Since  1956  we  have  designed  a  very  light  sealed  cabin,  a  sphere  72  inches  in 
diameter  and  weighing  280  pounds.  An  azimuthal  Cassegrain  20-inch  telescope  was 
attached  above  the  gondola  (Figure  5).  Manual  operation  was  from  inside  the 
cabin. 


f  1  PHOTOCELL 


Figure  2.  Focal  Plane  of  Telescope 


This  stratospheric  laboratory,  weighing  1,500  pounds  at  launch  including  the 
observer  and  the  ballast,  was  lifted  by  a  cluster  of  104  dilatable  sounding  balloons 
organized  in  34  groups  of  three  balloons,  one  above  the  other,  along  a  vertical 
cable  1,400  feet  long  (Figure  6), 

Launch  was  achieved  at  sunset  on  22  April  1959  from  Villacoublay  Air  Force 
Base  near  Paris  (France).  The  five-hour  night  flight  reached  a  long  steady  level 
at  43,000  feet.  During  the  flight  the  author  collected  data  on  Venus  and  the  Moon. 
The  descent  was  operated  by  radio  command  on  board,  to  an  explosive  switch  re¬ 
leasing  Id  balloons  at  the  top  of  the  cable.  A  landing  in  full  night  was  followed  by 
the  pil  )t's  phone  call  from  the  nearest  village  and  a  prompt  recovery  by  the 
ground-tracking  operation. 

The  operation  of  the  telescope  during  the  flight  resulted  in  the  following: 
a)  Information  about  the  variations  in  the  scintillation  of  stars  with 
height,  their  close  connection  with  the  existence  of  atmospheric  shears  as  observed 
by  the  tilt  of  the  clusters  of  balloons,  and  their  complete  disappearance  above  the 
tropopause.  These  results  are  given  in  the  conclusion  of  the  first  paper  by  the 
author  given  at  this  Symposium  (XXXIII). 
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Ml  -  FLAT  MIRROR  -  AZIMUTHAL  MOUNTING  OPERATED  BY  PI  AND  P2 
M2 -PARABOLIC  MIRROR  OF  20".  FOCAL  LENGTH  60" 

M3 --CASSEGRAIN  MIRROR 

A  -SPECTROPHOTOMETER  WITH  BIREFRINGENT  FILTER 
C  -ADDITIONAL  TELESCOPE  FOR  GUIDING 
O  -  EYEPIECE 


Figure  3.  Balloon-Borne  Telescope  for  Detection  of  Water  Vapor  in  the 
Atmosphere  of  Planets 


Figure  4.  Balloon  for  Astronomical  Observations  Used  for 
Flight  of  30  May  1954  by  Audouin  Dollfus 


b)  A  calibration  of  the  IK  spectrometer  telescope  for  water-vapor  measure¬ 
ments  when  the  HgO  band  at  1.  4  microns  is  desaturated,  and  a  measurement  of 

the  total  amount  of  water  vapor  in  the  earth's  stratosphere  above  40,000  feet  of  at 
2 

least  0.005  gr/cm  .  This  high  value  assumes  that,  at  the  mean  temperature  of  -60°C 
of  the  stratosphere,  the  layers  of  air  must  be  close  to  saturation  in  a  large  fraction 
of  the  stratosphere. 

c)  Preliminary  measurements  of  the  1.4-micron  band  of  water  vapor  on 
Venus;  the  result  was  marginal  because  an  unexpected  delay  of  half  an  hour  at 
launch  meant  that  the  planet  was  not  high  enough  above  the  horizon. 
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Figure  5.  Stratospheric  Sealed  Gondola  with  20-Inch  Telescope 


The  careful  study  of  the  data  collected  during  the  flight  enabled  us  to  conclude 
that  there  were  two  ways  to  solve  the  problem  of  water  vapor  in  the  atmospheres 
of  planets: 

a)  By  the  same  technique  of  stratospheric  balloon  flights.  New  flights 
may  it-oefit  by  further  improvements  in  the  stabilization  of  the  gondola,  and  by 
increase  of  the  ceiling  altitude. 

b)  Alternately,  by  observations  from  high  mountain  sites  with  the  same 
telescop  '  calibrated  from  previous  stratospheric  flight,  in  exceptionally  dry  air  at 
very  low  winter  temperature,  associated  with  a  careful  study  of  the  amount  of 
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Figure  6.  Chain  of  104  Dilatable  Sounding  Balloons  for  the  High  Altitude 
Flight  of  22  April  1959  by  Audouin  Dollfus 


416 


water  in  our  atmosphere  by  nearest  stars,  the  Moonorthe  Sun,  to  disentangle  the 
faint  signal  delivered  by  the  planet  from  the  strong  signal  remaining  from  our 
atmosphere. 

We  went  on  simultaneously  with  both  of  these  two  ways,  competitively. 

During  1961  and  1962  several  attempts  were  made  to  launch  a  new  manned 
high-altitude  balloon  flight,  from  Orleans  -  Bricy  and  Villacoublay  Air  Force  Bases. 
The  improved  lifting  device  wa»  a  chaplet- like  cluster  of  23  neoprene  Darex 
7,000-gram  balloons,  able  to  lift  the  strato-laboi  atory  with  the  author  on  board  up 
to  80,000  feet.  This  improved  technique  was  described  in  detail  in  the  first  paper 
by  the  author  at  this  Symposium.  We  were  very  unfortunate  with  weather  conditions 
because  required  situations  occurred  always  at  new  moon  or  during  periods  in¬ 
appropriate  for  the  positions  of  the  planets  in  the  sky. 

Unexpected  good  weather  conditions  were  finally  reached  for  the  high-mountain 

winter  survey  at  the  Jungfraujoch  Scientific  Station  in  Switzerland,  in  January,  1963. 

The  altitude  was  3.5  km,  the  temperature  -35°C  and  the  humidity  below  15  percent 

during  the  best  nights.  One  can  compute  that  the  remaining  amount  of  water  in  the 

atmosphere  above  the  station  was  low  enough  to  desaturate  the  H  O  band  at 

2  ^ 

1.4  microns  (saturation  reached  for  0.1  gr/cm  )  in  a  vertical  column  above 
Jungfraujoch.  Adequate  studies  of  the  very  rapid  variations  of  this  amount  with 
time,  zenithal  distance  and  azumuth  were  based  mainly  on  observations  on  the  Sun, 
the  Moon  and  the  star  a  Orionis.  Direct  measurements  on  Venus  and  Mars,  and 
deduction  of  the  contribution  due  to  the  earth's  atmosphere  enabled  us  to  collect 
positive  results  about  the  amount  of  water  in  the  atmosphere  of  these  planets. 

Reductions  of  these  data,  including  several  minor  corrections  and  recalibra¬ 
tions,  yielded  the  following  values: 

-2  2 

For1  Venus,  about  0.7  X  10  gr/cm  of  water  above  the  cloud  level  for 
calibration  at  STP.  This  amount  must  be  increased  if  the  unknown  atmospheric 

pressure  at  the  cloud-top  altitude  is  found  to  be  small. 

-2  2 

For  Mars,  about  1.5  X  10  gr/cm  .  Possibly  a  reduction  of  this  value 
may  be  investigated,  depending  on  further  tests  on  the  expected  Martian  ground 
spectral  reflectivity,  still  under  completion  at  the  Laboratory. 
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XXXV.  The  PARAVULCOON  Recovery  System  — 
Aerial  Deployment  Feasibility  Studies 

A.  J.  Obtig 
Honeywell,  Inc. 
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Raven  Industries,  Inc. 
Sioux  Falls,  South  Dakota 
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Sioux  Falls,  South  Dokoto 


Abstract 


The  PARAVULCOON  System  is  a  terminal  recovery  scheme  wherein  the 
buoyancy  of  an  aerially-deployed,  inflated,  and  heated  balloon  filled  with  hot  air  is 
used  to  accomplish  the  atmospheric  flotation  and  controlled  descent  to  touchdown  of 
the  recovered  body.  The  aerial-deployment  phases  of  the  system-activation  sequence 
have  not  been  previously  demonstrated  with  practical  sized  systems,  and  furthermore 
are  not  amenable  to  analytical  verification.  Therefore,  the  program  reported  here 
was  undertaken  to  experimentally  demonstrate  their  feasibility. 

The  PARAVULCOON  concept  was  originated  by  Raven  Industries,  Incorporated, 
and  the  overall  system  capabilities  have  been  developed  by  Honeywell,  Incorporated 
and  Raven  Industries,  Incorporated.  The  feasibility  studies  reported  here  were  con¬ 
ducted  by  Honeywell  and  Raven  under  the  sponsorship  of  the  National  Aeronautics 
and  Space  Administration,  Langley  Research  Center  (NASA  Contract  NAS  1-3169). 

Mr.  S.  M.  Burk  of  that  facility  was  the  NASA  Technical  Representative. 

In  this  paper  a  brief  description  of  the  system  concept  and  components  is  pre¬ 
sented,  and  the  experimental  program  objectives  are  defined.  Then,  the  actual  wind 
tunnel  and  free  flight  experimental  studies  are  described  and  discussed. 
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|.  SVSTKM  CONCKPT  \M)I)KS(  RIPTION 

The  PARAVULCOON  Recovery  System  utilizes  an  open-throat,  low -permeability 
balloon  filled  with  air  as  a  drag  and  flotation  device  to  accomplish  the  terminal  de¬ 
celeration  and  controlled  touchdown  of  a  given  payload  such  as  a  reentry  space 
vehicle  or  a  spent  rocket  booster.  Following  aerial  deployment  and  inflation  of  the 
balloon,  the  buoyancy  for  flotation  is  provided  by  heating  the  air  in  the  envelope. 
Then,  by  controlling  the  temperature  of  this  air,  ascent,  hover,  or  descent  can  be 
provided  as  desired. 

The  basic  operational  concept  of  this  sytern  is  sketched  in  Figure  1  and  consists 
of  the  following  sequence  of  events: 

Initial  stabilization  and  deceleration 

Balloon  deployment 

Balloon  inflation 

Initial  heat  addition 

Buoyant  notation  and  controlled  descent. 

Activation  of  the  system  proper  begins  with  the  payload  stabilized  by  a  primary 
deceleration  system  to  deset  it  at  a  subsonic  velocity.  At  a  predetermined  altitude 
the  PARAVULC  OON  deployment  event  is  initiated,  the  balloon  is  extracted  from  its 
stowage  and  streamed  behind  the  payload  body.  Then,  as  the  system  continues  to 
descend,  the  envelope  is  inflated  by  ingesting  air  through  its  open  throat.  During 
this  period  and  when  fully  inflated  by  the  ram  air  pressure,  the  balloon  acts  as  a 
trailing  aerodynamic  drag  body  to  decelerate  the  system  to  the  equilibrium  descent 
velocity  defined  by  the  form  drag  of  the  inflated  balloon  and  the  total  system  weight. 
At  this  point,  heat  is  added  through  the  opening  at  the  envelope  base  to  initially  heat 
the  air  in  the  balloon  to  tne  temperature  required  for  buoyancy.  Thus,  as  this 
buoyancy  develops,  the  system  is  further  decelerated  until  it  reaches  a  condition  of 
buoyant  equilibrium. 

Once  this  initial  heating  has  been  accomplished,  the  system  may  be  controlled 
by  the  r  ate  of  heat  addition  to  float  at  a  chosen  altitude  or  to  descend  to  the  earth 
for  a  controlled  soft  touchdown.  Up  to  the  maximum  altitude  defined  by  the  maximum 
allowable  envelope  temperature,  any  float  altitude  may  be  chosen.  During  flotation, 
only  sufficient  heat  input  is  required  to  replace  the  steady-state  heat  losses  caused 
by  convection  and  radiation  from  the  envelope  and  ingested  air.  Hence,  the  dur  ation 
of  the  float  period  before  landing  is  solely  a  function  of  the  amount  of  fuel  which  can 
be  carried  on  boar  d.  It  should  be  noted  here  that  since  the  lifting  capacity  of  a 
balloon  is  a  function  of  its  volume  (diameter  cube  I)  and  heat  loss  is  primarily  a 
function  of  surface  area  (diameter  squared),  the  float  efficiency  of  the  system  in¬ 
creases  with  system  size. 
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DESCENT  ON  PRIMARY  DECELERATOR 


Figure  1.  Overall  PAKAVULCOON  System  Sequence 
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The  total  system  to  accomplish  this  sequence  therefore  consists  of  the  balloon 
envelope  with  its  associated  fittings  and  deployment  mechanism,  initial  and  sus¬ 
taining  heat  generators  with  the  necessary  fuel  tankage,  and  a  control  system  which 
may  include  a  radio  control  link  if  required. 

Present  hot  gas  balloons  are  made  of  rip- stop  nylon,  either  with  an  acrylic 
coating  or  one  which  has  been  calendered  to  reduce  permeability.  However, 
laminated  nylon  and  Dacron  scrim  have  also  been  successfully  used.  All  of  these 
materials  can  be  used  at  temperatures  up  to  300°F.  Other  materials  under  study 
may  be  usable  at  higher  temperatures  in  the  future.  Furthermore,  recent  tests 
indicate  that  the  temperature  distribution  inside  the  balloon  will  allow  operation 
at  higher  average  air  temperatures  than  were  heretofore  expected  without  over¬ 
heating  the  envelope  fabric. 

For  the  PARAVULCOON  application  the  balloon  envelope  is  of  a  "natural  shape" 
or  a  variation  of  it.  In  this  shape,  theoretically,  no  circumferential  stresses  are 
developed  in  the  fabric  when  the  system  is  in  buoyant  equilibrium.  All  buoyant 
loads  are  carried  through  meridional  load  paths  over  the  envelope  and  are  trans¬ 
ferred  to  the  supported  payload  by  a  set  of  load  lines.  These  lines  leave  the  base  of 
the  envelope,  which  has  a  catenary  load  distribution  structure,  in  a  conical  con¬ 
figuration  and  may  be  attached  to  the  payload  in  a  circular  pattern  or  grouped  at 
several  hard  points  for  load  transfer.  The  base  of  the  envelope  is  open  to  allow  the 
aerial  inflation  of  the  envelope  by  the  ram  air  and  the  subsequent  heating  of  the  air 
in  the  balloon  by  the  heat  generator.  The  diameter  of  this  throat  is  25  to  30  percent 
of  the  maximum  envelope  diameter.  Prior  to  deployment,  the  envelope  is  packaged 
in  a  compactly  folded  condition.  Several  methods  of  aerial  deployment  have  been 
considered;  however,  streaming  from  a  deployment  bag  appears  most  promising 
and  has  been  used  in  the  experimental  studies  reported  here. 

To  heat  the  air  in  the  balloon  and  decelerate  the  system  to  buoyant  flotation 
within  a  reasonable  time,  the  initial  heat  generator  must  produce  a  high  heat  output 
for  a  short  period  (1  to  3  minutes).  On  the  other  hand,  the  sustaining  heat  generator 
must  provide  only  about  1/10  of  the  heat-output  rate  of  the  former,  but  this  output 
must  be  controllable  and  be  available  for  prolonged  periods  (1  to  3  hours).  For 
these  purposes  heat  may  be  obtained  by  the  use  of  a  solid  rocket  fuel,  burning  a 
liquid  hydrocarbon  fuel  such  as  propane  or  HP-1,  or  a  system  combining  solid  and 
liquid  fuels,  depending  on  the  requirements  of  the  particular  application.  In 
addition  to  the  burner  proper,  fuel,  tankage,  and  associated  piping  and  valves  are 
necessary  for  the  complete  heat-generator  system.  If  the  recovered  payload  is  a 
spent  liquid  rocket  booster  with  residual  liquid  fuel  available,  fuel  and  tankage 
weight  and  volume  may  be  reduced  by  burning  the  residual  fuel. 
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The  control  system  is  necessary  to  initiate  the  various  events  in  the  activation 
sequence  and  to  control  the  heat  generator  for  hover  altitude  and  controlled  letdown. 

Preliminary  studies  indicate  that  such  a  system  for  the  terminal  recovery  of 
the  S-1C  Saturn  booster  will  weigh  about  26,000  pounds.  This  is  based  on  burning 
residual  RP-1  from  the  booster  for  a  90-  to  100-minute  flotation  period.  For  a 
longer  float  duration,  an  additional  weight  of  9,640  pounds  for  each  extra  hour  of 
hover  is  estimated. 


2.  EXPERIMENT*!.  PROGRAM  OBJECTIVES 

Consideration  of  the  PARAVULCOON  System  activation  sequence  suggests  that 
the  most  critical  phases  with  regard  to  concept  feasibility  are  the  aerial  deployment 
and  inflation  of  the  balloon.  To  have  a  useful  recovery  system  it  must  be  possible 
to  accomplish  these  events  successfully  at  reasonable  velocities  and  dynamic 
pressures.  While  it  has  been  possible  to  establish  the  feasibility  of  some  of  the 
other  sequence  phases  analytically,  deployment  and  inflation  have  been  found  to  be 
the  least  amenable  to  such  methods.  Rather,  these  phases  consist  of  a  combination 
of  aerodynamic,  dynamic,  and  mechanical  actions  which  are  more  readily  analyzed 
by  experimental  observation. 

Therefore,  under  the  sponsorship  of  the  Langley  Research  Center  of  the 
National  Aeronautics  and  Space  Administration,  a  study  program  was  undertaken  to 
experimentally  demonstrate  the  feasibility  of  the  aerial  deployment  and  inflation  of 
a  PARAVULCOON  envelope  capable  of  recovering  a  1,000-pound  payload.  This 
program  consisted  of  a  relatively  small  number  of  cold-drop  flight  tests  using 
54-foot  diameter  balloons, preceded  by  a  brief  wind-tunnel  study.  The  latter  was 
intended  to  obtain  a  better  understanding  of  the  phenomena  associated  with  the 
aerial  deployment  and  inflation  of  PARAVULCOON  envelopes  and  to  provide  a  basis 
for  the  design  of  the  larger-scale  flight  test  equipment.  Only  cold-system  drops 
were  undertaken  in  this  study  as  they  could  be  performed  using  relatively  simple 
flight  test  vehicles.  To  test  the  entire  PARAVULCOON  System  sequence  complete 
with  heat  addition  would  have  required  a  program  of  larger  scope.  Such  a  program 
would  have  necessitated  the  design,  fabrication,  and  preliminary  testing  of  heat- 
generator  and  control  systems  for  use  in  more  complex  and  expensive  test  vehicles. 


3.  *IM>  Tl  NNEL  MODEL  STI  DIES 

It  was  realized  that  it  is  physically  impossible  to  mechanically,  dynamically, 
and  aerodynamically  scale  the  PARAVULCOON  deployment  and  inflation  sequence 
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in  a  wind-tunnel  test  situation.  However,  it  was  also  felt  that  a  brief  wind-tunnel 
investigation  would  help  to  point  out  problem  areas  and  give  some  physical  insight 
into  the  phenomena  before  moving  on  to  the  full-scale  free-flight  tests. 

.1.1  (Equipment  and  Methods 

The  Langley  Research  Center  20-foot  Vertical  Free-Spinning  Wind  Tunnel  was 
made  available  for  this  study.  This  facility  provides  upward-directed  velocities 
from  10  to  85  fps  with  infinite  speed  control.  With  this  arrangement  an  unre¬ 
strained  model  of  suitable  weight  and  drag  can  be  "floated"  on  the  upward  airstrean 
to  simulate  vertical  free  descent.  The  model  is  thus  free  to  accelerate  and 
decelerate  without  restriction,  thereby  permitting  observation  of  its  dynamic  char  ac- 
teristics.  System  drag  can  be  measured  by  determining  the  velocity  necessary  to 
"float"  the  model.  A  mounting  fixture  of  the  more  conventional  wind-tunnel  style 
was  also  available  for  tests  with  the  model  restrained  in  the  airstream. 

Naturally,  to  reduce  scaling  problems,  as  large  a  model  as  possible  was 

desired.  However,  Langley  Research  Center  personnel  estimated  that  tunnel 

blockage  limitations  would  not  permit  the  use  of  larger  than  six-foot  diameter 

model  balloons  in  this  tunnel.  Furthermore,  scaling  studies  indicated  that  even 

though  complete  scaling  was  not  possible,  the  model  envelope  should  be  as  light  and 

flexible  as  possible.  Therefore,  all  of  the  models  were  constructed  in  the  natural 

shape  with  12  gores  and  load  lines  in  the  6-foot  size.  At  the  time  of  the  study,  fabric 

2 

availability  was  limited,  so  the  models  were  made  of  1 .1 -oz-per-yd  and  0.8-oz- 

2  2 
per-yd  nylon  cloth,  coated  with  acrylic.  Since  the  1 .1 -oz-per-yd  nylon  material 

was  also  later  used  for  the  54-foot  diameter  full-scale  balloon,  the  model  envelopes 

were  obviously  too  heavy  and  stiff  from  the  scaling  standpoint.  These  models  were 

made  with  20-,  25-,  30-,  and  40-percent  throat  openings,  and  various  load-line 

arrangements  were  provided  to  allow  variations  of  the  throat-loadlme-forebody 

geometry. 

Streaming  the  envelope  behind  an  open  deployment  bag  that  was  being  separated 
from  the  forebody  bv  a  drogue  parachute  was  chosen  as  the  most  promising  deploy¬ 
ment  scheme.  Therefore,  two  wooden  forebodies  were  provided  which  could  model 
this  scheme:  a  six-inch-diameter  forebody  in  which  a  deployment  bag  with  the 
envelope  packed  inside  could  be  internally  stored  and  a  three- inch-diameter  forebody 
from  which  a  pseudo-deployment  event  could  be  accomplished  with  the  deployment 
bag  externally  restrained  behind  the  body.  The  smaller  forebody  was  the  properly- 
scaled  version  of  the  full-scale  test  vehicle,  however,  the  model  envelope  was  too 
buisy  to  be  packed  inside  of  it.  Lead  weights  and  shot  were  usee1  *o  vary  the  forebody 
weight. 

2 

The  1 .1 -oz -per -yd  envelope  with  the  6-inch  forebody  is  shown  fully  inflated  in 
the  Vertical  Wind  Tunnel  in  Figure  2. 


Figure  2.  Inflated  Model  PAKAVULCOON  in  20-Foot  Vertical  Free 
Spinning  Wind  Tunnel 


Deployment  tests  were  conducted  by  supporting  the  model  system  in  the  tunnel 
airstream  with  a  drogue  parachute,  releasing  the  deployment  bag,  and  observing 
the  ensuing  deployment.  Both  free-floating  and  restrained  tests  were  made. 
However,  since  the  drag  of  the  envelope  was  found  to  increase  rapidly  with  a  small 
amount  of  inflation,  it  was  difficult  to  reduce  the  tunnel  velocity  fast  enough  to 
simulate  the  deceleration  of  a  free-dropped  system.  As  a  result,  in  the  dynamic 
tests  the  envelope  tended  to  be  blown  into  the  screen  at  the  top  of  the  tunnel,  and  in 
the  restrained  tests  the  model  was  subjected  to  excessive  buffeting.  Hence,  for  the 
safety  of  the  tunnel,  deployment  tests  were  held  to  a  minimum. 

Inflation  characteristics,  system  stability,  and  the  drag  of  the  various  model 
configurations  were  observed  by  hand-launching  the  system  in  a  streamed  configura 
tion.  For  these  tests  the  envelope  from  which  the  excess  air  had  been  removed  was 
held  in  the  airstream  by  the  throat  to  prevent  premature  ingestion  of  air.  Then, 
when  the  tunnel  velocity  had  been  adjusted  to  support  the  streamed  system,  the 
model  was  released. 
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To  corroborate  the  wind-tunnel  observations  and  be  sure  that  there  were  no 
problems  caused  by  the  use  of  such  a  large  model  in  the  20-foot  tunnel,  one  of  the 
model  systems  was  free-dropped  from  a  helicopter  at  about  2,000  feet. 

3.2  Results 

The  performance  of  the  wind-tunnel  model  system  was  considered  in  terms  of 
deployment,  inflation,  system  stability,  and  drag.  However,  due  to  the  scaling 
limitations  of  the  models,  it  was  concluded  that  these  results  could  only  be  extrapo¬ 
lated  to  larger  systems  in  a  qualitative  rather  than  a  quantitative  manner. 

The  deployment  scheme  chosen  operated  well  in  every  test.  The  envelope 
streamed  smoothly  from  the  deployment  bag  and  immediately  began  to  ingest  air 
through  the  throat.  Actual  time  from  release  until  the  deployment  bag  cleared  the 
streamed  envelope  was  less  than  one  second,  and  there  did  not  appear  to  be  any 
significant  opening  shock  transmitted  to  the  forebody.  Most  of  these  runs  were 
made  at  event  velocities  from  30  to  35  fps,  but  two  tests  were  run  at  62  and  8?  fps, 
respectively. 

In  all  the  model  variations  tested,  the  envelope  began  to  ingest  air  as  soon  as 
its  throat  was  released.  The  drag  immediately  increased  and  quickly  reached  a 
value  near  that  of  the  fully-inflated  balloon.  Thus,  the  inflation  took  place  at  a 
nearly  constant  velocity  ranging  from  8  to  18  fps  with  one  heavy  case  at  27  fps. 
Although  the  motions  of  the  envelope  fabric  appeared  quite  random  with  a  continuous 
movement  of  the  folds  of  material  and  some  opening  and  closing  of  the  throat  area, 
the  inflation  time  for  a  given  configuration  was  surprisingly  repeatable.  Values 
ranged  from  4  seconds  with  a  rigid  ring  holding  the  throat  open  to  over  40  seconds 
for  the  lightest  configurations.  During  this  period  the  system  was  completely 
stable.  In  general,  inflation  was  found  to  be  somewhat  slow.  However,  when  the 
rigid  throat  ring  was  used,  the  rapid  inflation  was  so  violent  that  it  could  not 
possibly  be  sustained  in  a  large  system.  So  whil'  the  desirability  of  a  positive  in¬ 
flation  aid  was  revealed,  the  need  for  a  controlled  gradual  inflation  was  also  indi¬ 
cated. 

The  major  problem  encountered  in  the  wind-tunnel  study  was  an  instability 
exhibited  by  the  system  during  the  cold-descent  period  after  the  balloon  was  fully 
inflated.  This  occurred  in  the  form  of  an  indentation  on  the  windward  side  of  the 
balloon  which  resulted  in  a  quasi -steady  coning  rotation  of  the  system  or  system 
oscillations  of  varying  degrees  of  intensity.  Analysis  indicated  that  this  instability 
was  the  result  of  having  to  operate  the  model  envelopes  in  the  laminar-to-turbulent 
transition  flow  regime.  It  was  further  shown  that  in  this  regime  unsteady  asymmetric 
separation  of  the  boundary  layer  from  the  balloon  can  exert  large  pitching  moments. 
Since  the  full-scale  test  balloons  operated  at  a  much  larger  Reynolds  number,  well 
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into  the  turbulent  reg’ne,  the  instability  problem  was  not  expected  to  occur  with 
them.  This  conclusion  was  partially  verified  by  a  simple  free  drop  of  a  40-foot- 
diameter  hot-gas  balloon  in  the  streamed  configuration.  Also,  it  was  found  that  the 
instability  of  the  six-foot  model  could  be  "fixed"  by  the  addition  of  a  skirt-like  fence 
around  the  balloon  near  its  equator  to  provide  a  uniform  flow -separation  line. 

Due  to  the  instability  problem,  it  was  not  possible  to  obtain  valid  drag  measure¬ 
ments  for  the  model  system  in  the  fully-inflated  configuration.  However,  drag 
measurements  foi  the  envelope  in  the  streamed  configuration  were  obtained. 

The  free-flight  drop  of  the  model  system  from  the  helicopter  with  a  deploy 
ment-event  velocity  between  90  and  100  fps  verified  the  observations  and  conclusions 
of  the  Vertical- Wind-Tunnel  tests. 

In  general,  the  wind-tunnel  observations  and  associated  studies  indicated  that 
the  overall  mechanization  of  the  PARAVULCOON  deployment  and  inflation  was 
feasible.  No  problems  or  phenomena  were  encountered  which  tended  to  disprove 
th?  feasibility  of  the  system  concept  or  were  expected  to  interfere  with  the  orderly 
accomplishment  of  the  full-scale  flight  tests. 


4.  FULL  SCALE  FREE  FLIGHT  ST!  DIES 

The  principal  means  of  attaining  the  program  objectives  were  the  four  free- 
flight  cold-drop  tests  of  a  large  PARAVULCOON  System.  Since  it  was  desired  to 
observe  the  performance  of  a  larger  balloon,  the  simulated  recovery  of  a  1,000- 
pound-payload  size  was  chosen  as  it  required  a  fairly  large  balloon  (50  to  60  feet) 
but  still  was  not  so  heavy  as  to  create  test  inconvenience.  These  flights  were  con¬ 
ducted  at  the  U.S.  Department  of  Defense,  Joint  Parachute  Test  Facility,  El  Centro, 
California,  with  the  technical  support  of  the  U.S.  Air  Force,  6511th  Test  Group 
(Parachute). 

4. 1  Equipment  and  Methods 

As  noted  above,  the  deployment-bag  method  was  used  to  deploy  the  PARAVUL¬ 
COON  envelope.  It  was  decided  that  the  simplest  means  of  creating  the  desired- 
event  conditions  was  to  suspend  the  test  system  from  a  drogue  parachute  sized  to 
provide  the  desired-event  velocity  in  equilibrium  vertical  descent  at  the  chosen 
altitude.  Then  the  same  parachute  was  used  to  extract  *he  deployment  bag  and 
stream  the  envelope.  This  sequence  is  illustrated  in  Figure  3. 

In  order  to  produce  this  situation,  the  flight -test  vehicle  was  dropped  on  a 
wooden  skid  fromaC-130  transport  aircraft.  As  the  skid  fell  away  from  the  aircraft, 
static  lines  actuated  cutters  to  release  the  vehicle  from  the  skid  and  streamed  the 
skid- recovery  parachute.  The  streaming  of  this  parachute  deployed  the  vehicle 
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Figure  3.  Envelope  Development  Sequence 
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di  ogue  chute  by  a  static  line,  and  the  actual  flight  test  was  underway  1.5  to  3.0 
seconds  following  the  extraction  of  the  skid  from  the  aircraft.  The  deployment 
event  was  initiated  by  preset  mechanical  timers  which  were  started  by  pull 
lanyards  as  the  flight-test  vehicle  and  its  launch  skid  separated.  Drogue  parachute 
sizes  and  timer  settings  were  determined  from  trajectory  studies  to  give  a  long 
enough  drop  to  ensure  near- vertical,  oscillation-free  descent  at  the  time  of  the 
deployment  event.  This  aerial-drop  system  performed  satisfactorily  and  without 
problems  in  all  four  flight  tests. 

Range  instrumentation  for  these  tests  consisted  of  space-time  data  from  a 
cinetheodolite  tracking  system  and  high-speed  motion  pictures  including  air-to-air 
coverage  from  chase  aircraft  and  ground-to-air  coverage  with  telescopic  lenses. 

The  actual  PARAVULCOON  flight-test  system  consisted  of  the  balloon  proper, 
the  flight-test  vehicle,  and  the  deployment  system. 

System  studies  indicated  that  a  PARAVULCOON  envelope  to  simulate  the 
recovery  of  a  1,000-pound  payload  should  be  54  feet  in  diameter.  Thus,  a  "natural 
shape"  design  in  this  size  was  developed.  Stress  considerations  for  this  design 
were  based  on  the  predicted  deployment  and  inflation  environment  and  static  and 
dynamic  tests  conducted  on  several  of  the  features  of  the  design.  Tnis  test  envelope 
consisted  of  20  gores  of  acrylic-coated  l.l-oz-per-yd2  rip-stop  nylon  with  a  16.2- 
foot  diameter,  30-percent  throat  opening.  Twenty  load  lines  of  nylon-covered  steel 
aircraft  cable  were  connected  to  20  load-distributing  catenaries  around  the  throat. 
The  basic  characteristics  of  this  balloon  design  are  listed  in  Table  1. 


Table  1.  X-54  PARAVULCOON  Characteristics 


Diameter 

5.4  feet 

Volume 

76,842  feet3 

Surface  Area 

8,754  feet2 

Inflated  Height 

56.1  feet 

Gore  Length 

85.1  feet 

Number  of  Gores 

20 

Weight  (approximate) 

1 10  pounds 

Packed  Volume  (approximate) 

6.0  feet3 

As  deployment  loads  in  the  envelope  crown  were  anticipated  to  be  severe,  the 
original  desigp  had  a  reinforcing  nylon  cap  in  this  region.  However,  after  one  flight 
it  was  found  that  this  cap  caused  stress  concentrations  which  resulted  in  a  terminal 
descent  failure,  and  a  redesign  was  necessary.  Since  all  of  the  envelope  loads  are 
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brought  to  a  theoretical  confluence  at  the  envelope  apex,  the  structure  in  this  area 
must  be  reinforced  without  creating  load -path  discontinuities.  To  do  this,  the  re¬ 
designed  envelope  incorporated  a  method  of  construction,  developed  by  Haven 
Industries,  Inc.,  designated  as  Simulated  Variable  Thickness  (SVT).  Its  purpose 
was  to  better  carry  the  meridional  load  on  each  gore  across  the  envelope  apex  to 
its  diametrically-opposite  gore  without  abrupt  changes  in  fabric  thickness.  This  is 
achieved  as  is  shown  in  Figure  4  by  shaping  each  gore  with  a  minimum  constant 
width  at  its  upper  end,  overlapping  the  excess  material  progressively  and  thus 
creating  the  equivalent  of  a  gradual  buildup  of  fabric  thickness  toward  the  apex  of 
the  envelope. 


Figure  4.  Envelope  Configuration  with  Simulated  Variable  Thickness  Top 
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In  addition  to  simulating  a  payload,  the  flight-test  vehicle  made  possible  the 
necessary  test  mechanics  to  accomplish  the  basic  program  objectives.  The  vehicle 
used  was  a  30-inch-diameter  by  60-inch  hemisphere  cylinder  of  1/4-inch  steel. 

Prior  to  event,  the  deployment  bag  was  stowed  in  the  smooth  cylindrical  aft  section 
of  the  vehicle,  and  the  balloon  load  lines  were  attached  around  an  external  load  ring 
at  the  aft  edge.  This  compartment  was  closed  by  a  rear  closure  plate  to  which  the 
drogue  parachute  was  attached.  A  pair  of  semicircular  clamp  bands  which  fit  over 
the  matching  beveled  edges  of  the  closure  plate  and  the  aft  ring  were  used  to  hold 
the  rear  closure  plate  in  position  and  transmit  the  drogue  parachute  loads  to  the 
vehicle.  The  bands  were  in  turn  secured  by  a  pair  of  explosive  bolts.  The  deploy¬ 
ment  bag  was  attached  to  the  underside  of  the  closure  plate.  Hence,  to  produce  the 
deployment  event,  the  explosive  bolts  were  fired,  the  clamp  bands  parted  and  re¬ 
leased  the  rear  closure  plate,  and  the  drogue  parachute  lifted  the  then- freed  closure 
plate  away  from  the  vehicle  and  thus  extracted  the  attached  deployment  bag.  This 
design  provided  a  jerk-free  transfer  of  the  drogue  parachute  suspension  loads  from 
the  flight  test  vehicle  to  the  bag.  Static  tests  demonstrated  that  if  either  of  the 
explosive  bolts  fired,  the  rear  closure  plate  could  not  fail  to  separate. 

In  this  deployment  scheme,  as  shown  in  Figure  3,  the  deployment  bag  must  lift 

the  packed  envelope  from  the  vehicle,  and  then  in  turn,  as  it  separates  from  the 

vehicle,  must  open  to  allow  the  envelope  to  stream  freely  to  its  full  length.  Since 

this  action  is  so  crucial  to  deployment  success,  considerable  design  and  experimental 

attention  was  given  to  the  deployment  bag  design.  The  final  design  is  shown  in 

Figure  5,  suspended  from  the  rear  closure  plate  in  the  extracted  position  above  the 

flight  test  vehicle  just  prior  to  the  opening  of  the  bottom  of  the  bag.  The  design 

2 

consisted  of  a  clamp  arrangement  to  attach  the  2.2-oz-per-yd  nylon  fabric  bag 
reinforced  by  a  1-1/2-inch  nylon  webbing  to  the  bottom  of  the  closure  plate.  This 
bag  was  actually  an  overlength  tapered  cylinder  lined  with  Teflon-coated  gloss 
fabric  whose  excess  length  formed  the  bottom  of  the  bag  when  it  was  closed.  A 
four-piece  aluminum  breakaway  spool  locked  by  a  nylon  strap  and  pull  pin  was  used 
to  close  the  base  of  the  bag.  After  the  bag  and  the  vehicle  had  separated  about  six 
feet,  the  pull  pin  was  extracted  by  a  steel  cable  attached  to  one  of  the  load  lines. 

Since  the  bag  was  designed  overlong,  the  breakaway  spool  quadrants  ended  up  on  the 
outside  of  the  bag  after  opening.  This  provided  a  completely  smooth  passage  for 
the  streaming  envelope  to  leave  the  bag. 

In  addition  to  the  timers  and  circuitry  to  initiate  the  explosive  bolts,  on-board 
equipment  on  the  vehicle  included  an  accelerometer  and  telemetry  system  to  meas¬ 
ure  axial  loads  on  the  vehicle,  and  an  "up  camera'  . 
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Figure  5.  PAKAVULCOON  Flight  Test  Vehicle  and  Deployment  Bag 
(Position  Just  Prior  to  Release  of  Breakaway  Spool) 
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1.2  Re>ull> 

Two  of  the  four  flight  tests  were  conducted  at  nominal  deployment -event  veloci¬ 
ties  of  100  fps  and  two  at  200  fps.  With  this  small  number  of  drops  it  was  decided 
to  initiate  all  the  events  at  the  nominal  altitude  of  15,000  feet.  This  height  was  good 
for  ground-to  air  and  air-to-air  photographic  coverage  and  still  provided  plenty  of 
total  altitude  to  observe  all  phases  of  the  sequ‘  nee. 

The  overall  test  conditions  and  results  are  summarized  in  1'able  II. 


1  able  2.  Summary  of  Full-Scale  Free-Flight  Tests 


Dr  ip  'Test  Number 

1 

2 

3 

4 

Event  Conditions 

Altitude  (ft) 

15,300 

15,107 

15,494 

16,690 

Velocity  (fps) 

1 1 1 

105 

176 

204 

Dynamic  Pressure  (psf) 
(Actual  from  flight  data) 

10.0 

8.1 

22.8 

29.3 

Weight  Suspended  from  P.V. 
(pounds) 

1,005 

1,015 

1,015 

1,020 

Deployment  Time  (sec.) 
Complete  Envelope  Inflation 

— *  1 .3 

^1.5 

“  " 

~1.0 

Time  (sec.)  / 

r'.  .  ic.  from  event 

Distance  (It.)) 

93.5 

95 

-- 

99.5 

Terminal  Equv.  S.L.  Hate  of 
Descent  (fps) 

25.2 

27.8 

21.7 

Per  formance 

Deployment 

Good 

Good 

Failed 

Good 

Inflation 

Stable  but 
long  with 
violent 
envelope 
motions. 

Stable,  less 
violent 
envelope 
motions. 

Stable,  less 
violent 
envelope 
motions. 

'Terminal  Cold  Descent 

Stable, 
failed  at 
1,610  feet. 

Stable. 

Stable. 

The  deployment  of  the  envelope  was  in  general  satisfactory  as  planned  and 
quite  similar  to  the  wind-tunnel  model  tests.  At  the  lower  speed  (dynamic  pressure 
-10  psf)  no  problems  were  encountered,  but  the  throat  immediately  ingested  air 
which  t  esultyd  in  the  formation  of  a  flared-out  bubble  of  balloon  fabric  which 
followed  the  moving  deoloyment  bag  the  full  length  of  the  streaming  envelope.  This 
is  shown  in  figure  6.  However,  at  the  higher  speed  with  a  dynamic  pressure  over 
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20  psf  this  bubble  was  much  larger  and  caused  the  envelope  to  fail  before  deploy¬ 
ment  was  completed.  This  problem  was  completely  rectified  by  temporarily 
reefing  the  envelope  throat  closed  to  prevent  the  ingestion  of  air  until  the  balloon 
was  fully  streamed.  As  shown  in  Figures  7  and  8,  this  provided  a  smooth  deploy¬ 
ment  and  a  more  gradual  start  to  inflation.  Therefore,  the  feasibility  of  PAKAVUL- 
COON  envelope  deployment  at  these  speeds  and  dynamic  pressures  was  completely 
demonstrated  provided  that  a  temporary  throat  reefing  is  used. 

Inflation  of  the  envelope  began  immediately  and  was  completed  within  a 
reasonable  distance.  Also,  the  system  was  stable  during  this  period  and  its  drag 
quickly  increased  to  nearly  the  fully  inflated  value.  However,  due  to  the  tendency 
of  the  balloon  throat  to  close  off  and  prevent  ram  pressure  ingestion  a  large 
percentage  of  the  time,  the  resulting  envelope  distortions  subjected  the  fabric  to 
some  rather  violent  motions.  This  was  particularly  true  after  inflation  was  40- 
to  50-percent  complete  when  enough  air  had  heen  ingested  to  extend  the  envelope 
to  nearly  its  full  diameter,  but  the  bubble  inside  was  not  large  enough  to  keep  the 
envelope  fully  extended  and  prevent  fabric  flapping  and  breathing  in  and  out.  Some 
of  these  motions  are  pictured  in  Figures  9  and  10.  These  motions  were  particularly 
severe  in  the  first  test  and  were  judged  to  have  weakened  the  envelope  and  thus 
caused  the  eventual  failure  of  the  balloon  during  its  cold-terminal  descent  at  an 
altitude  of  1,610  feet.  With  the  revised  balloon  design  these  motions  were  some¬ 
what  less  severe  and  the  problem  partially  alleviated. 

Envelope  inflation  was  found  to  be  consistent  and  positive  and  thus  completely 
feasible.  Starting  from  a  dynamic  pressure  of  about  20  psf  (approximately  the 
terminal  descent  of  this  system  with  the  envelope  streamed),  95  to  1000  seconds 
and  4,000  to  5,000  feet  of  descent  were  required  to  complete  inflation.  Since  the 
system  decelerated  to  velocities  below  70  fps  during  the  first  10  seconds  of  flight 
(including  deployment),  the  velocity  at  the  beginning  of  inflation  does  not  appear  to 
have  a  significant  effect  on  the  inflation  time  or  distance.  However,  although  the 
system  was  completely  stable  during  this  period,  the  motions  of  the  envelope  fabric 
were  more  severe  than  would  be  desired  from  the  standpoint  of  stresses  in  the 
envelope.  Thus  it  appears  that  the  inflation  performance  could  be  greatly  improved 
by  the  use  of  a  positive  inflation  control  during  the  middle  portion  of  this  sequence 
(from  about  30  to  85  percent  inflated).  One  such  system  would  positively  hold  the 
throat  open,  first  at  a  reduced  diameter  to  preclude  too  sudden  inflation  and  then  at 
successively  larger  diameters  to  prevent  the  choking  off  of  the  throat  and  aid  in 
more  rapid  and  less  violent  inflation.  Peripheral  inflation  scoops  might  also  be 
useful  to  speed  inflation  without  overloading  the  envelope. 

Once  a  temporary  reefing  scheme  and  a  positive  inflation  control  have  been 
perfected,  there  does  not  appear  to  be  any  further  obstacle  to  the  development  of 
the  deployment  and  inflation  of  larger  balloons  at  moderate  speeds  or  the  deploy¬ 
ment  of  50-  to  60-foot  balloons  at  higher  dynamic  pressures. 
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Figure  7.  Deployment  of  Temporar  ily  Reefed  PARA VULCOON  Envelope 


Figure  8.  Deployment  of  Temporarily  rteefed  PARAVULCOON  Envelope 
(Beginning  at  Instant  of  Disreef) 
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Figure  9.  PARAVULCOON  Inflation  Sequence  I 
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Figure 


10.  P ARAVULCOON  Inflation  Sequence  II 
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During  terminal  descent  of  the  fully  inflated  cold  balloon,  some  slight  dimples 
and  indentations  were  observed  similar  to  those  in  the  model  tests.  Also,  some 
slow,  damped  rotation  occurred.  However,  in  general,  these  motions  were  judged  to 
be  so  moderate  as  not  to  warrant  the  application  of  a  mechanical  "fix"  to  the  large 
balloon.  An  average  drag  coefficient  of  about  0.5  based  on  the  horizontal  cross- 
sectional  area  of  the  balloon  was  observed  for  this  mode.  This  was  considerably 
higher  than  had  been  previously  estimated. 

3.  conch  sions 

The  principal  objective  of  these  studies  was  achieved.  Namely,  the  basic 
feasibility  of  the  concept  of  aerially  deploying  and  inflating  PARAVULCOON 
envelopes  has  been  experimentally  demonstrated  in  both  wind-tunnel  model  tests 
of  6-foot  diameter  models  and  free-flight  tests  of  54-foot-diameter  balloons  with  a 
1,000-pound  simulated  payload. 

The  following  general  conclusions  have  been  drawn  from  this  study: 

Deployment  of  the  envelope  by  streaming  it  out  of  a  deployment  package 
was  found  to  be  simple,  practical,  and  reliable  in  both  the  model  and  full-scale 
systems  at  velocities  up  to  204  l'ps  and  dynamic  pressures  up  to  29  psf.  How¬ 
ever,  for  dynamic  pressures  above  10  psf  the  PARAVULCOON  envelope  throat 
must  be  reefed  until  the  envelope  is  fully  extended. 

The  inflation  of  the  PARAVULCOON  envelope  by  ingestion  of  air  through 
the  throat  opening  in  its  base  is  feasible.  The  time  and  distance  required  for 
inflation  is  consistent  and  repeatable.  Since  this  time  is  relatively  long  due  to 
the  tendency  of  the  balloon  throat  to  close  off  a  large  percentage  of  the  time,  a 
more  practical  system  can  be  attained  by  providing  a  positive  control  of  infla¬ 
tion.  This  will  reduce  the  time  required  for  inflation  and  thus  reduce  the 
severity  and  duration  of  the  envelope  motions  and  the  accompanying  stresses  in 
the  balloon  fabric  during  the  inflation  period. 

Although  a  terminal  instability  problem  was  encountered  with  the  small 
models,  the  full-scale  system  was  found  to  be  completely  stable  during  the 
development  and  inflation  phases  of  its  activation  sequence.  During  the  cold- 
descent  phase,  the  slow  rotations  observed  did  not  present  any  problems. 

An  aver  age  system  drag  coefficient  of  about  0.5  was  found  for  the 
equilibrium  cold  descent  of  the  system.  Almost  as  large  a  value  was  observed 
during  most  of  the  inflation  phase. 

Once  deployment  has  been  accomplished,  the  inflation  phase  and  thus  the 
r  emainder  of  the  activation  sequence  are  relatively  independent  of  the  deploy¬ 
ment  en  viromnent. 


[Airing  this  program  no  factors  were  encountered  which  would  be  expected 
to  hamper  the  reasonable  extension  of  system  capabilities  with  regard  to 
balloon  size  and  the  severity  of  deployment -event  conditions  or  to  prevent  the 
orderly  development  of  a  practical  system. 
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